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Examination of faults south of Carson City indicates that scarps 
erode more rapidly in non-indurated alluvium and that Pleistocene soils, 
developed on older scarps, prevent scarp degradation and result in 
faults with steeper debris slopes than those proposed by Wallace (1977).
Based on dated soils and other geologic criteria, most faults in 
the thesis area underwent repeated activity throughout Pleistocene time 
followed by a period of dormancy in late Pleistocene and early Holocene. 
This was followed by a swarm of faulting within the last 4C00 years.
Some of this activity occurred within the last 2000 years. Faults that 
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The principal purpose of this project is to determine to what ex­
tent differences in soil development and induration of alluvial depos­
its affect the degradation of Quaternary fault scarps. A debris slope 
curve is plotted to relate fault age to these different deposits. A 
secondary purpose of this study is to determine the ages of Quaternary 
faults and to estimate earthquake recurrence and possible magnitudes 
through examination of the scarps.
Location
The area mapped during this study is located approximately three 
miles (4.8 km) south of downtown Carson City, Nevada, in the northern 
portion of the Genoa lh minute quadrangle (Fig. 1). The area includes 
southernmost Carson City County, formerly Ormsby County, and northwest­
ern Douglas County. The mapped area extends north of U. S. Highway 50 
(T15N), south to Harvey's ranch (T14N), and from the Carson Range (R19E) 
to the Carson River (R20E). The Genoa fault was further examined be­
tween Genoa and Walleys Hot Springs (T13N, R19E, S10).
Physiography and drainage
The thesis area is situated in the western portion of the Basin 
and Range physiographic province. The largest intermontans basin of 
the study area is Carson Valley, which is bounded on the west by the 
rugged Carson Range and on the east by the Pine Nut Range. The north­
west side of Carson Valley is bordered by high alluvial terraces, and 
Carson Valley is separated from Eagle Valley to the north by an
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Fig. 1. Location of study area (large square). 

















alluvial divide (McKinney, 1976). Jacks Valley is an isolated valley 
which is higher in elevation than Carson Valley. It is also bounded 
on the west by the Carson Range.
The drainage of the region consists mainly of intermittent streams. 
Some of these streams have incised deep channels in alluvial deposits 
and most flow east into Carson Valley. Aside from the Carson River, 
the only perennial stream is Clear Creek. This creek also flows east­
erly into Carson Valley. In the thesis area, the Carson River flows 
northeasterly through Carson Valley, but to the south, near Genoa, it 
abruptly meanders westward toward the Carson Range.
Climate and vegetation
The climate of the western Basin and Range province is semiarid.
The region encompassing Carson City and Minden is characterized by wide 
temperature fluctuations and occasional storms of short duration. Strong 
wtlnds often occur in the region also. Precipitation averages ten ‘inches 
(25 cm) annually, much of which falls as snow. There are 159-192 days 
of freeze-thaw per year and an average of six days per year in which 
the temperature stays below freezing (Sakamoto and Gifford, 1970).
In the Carson Range, vegetation consists mostly of Jeffrey Pine 
and sagebrush (Langan, 1971). In the basins the vegetation is mainly 
sagebrush and bitterbrush.
Method of investigation
Field investigation involved examination of low altitude, low 
sun-angle aerial photography, field mapping and trenching. The aerial 
photographs proved most useful in delineating alluvial deposits and 
faults. All geologic mapping was done in the field, with the aid of
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aerial photos, with the exception of Carson River floodplain deposits. 
These were mapped on aerial photos with minimal field checking. Con- 
tacts between bedrock units in the Carson Range were not mapped during 
the thesis study but were inferred from the map by Moore (1969).
Trenching sites for fault study were based on several criteria, 
including scarp profiles that contained geomorphic features of interest; 
alluvial deposits containing identifiable stratigraphic units; and, 
soils that appeared to be displaced by faulting.
Alluvial deposits were named using Folk's (1974) sedimentological 
classification. Earthquake magnitudes were estimated using Slemmons 
(1977) curves relating surface displacement and length of fault zone 
to Richter magnitudes.
Previous work
Russell (1885) first visited the western Basin and Range and com­
mented on the fault scarps at Genoa. Lawson (1912) was the first to 
examine the fault in detail; and Slemmons (1975, 1977) has studied the 
fault most recently. The only geological work of the mapped area was 
done by Moore (1969). Earlier, in 1960, Moore examined the Carson 
Range roof pendant. The soils of the region have been classified by 
Langan (1971).
The only other detailed geology studies have been done to the 
north and east in the Carson City and New Empire quadrangles. These 
were done by Bingler (1377), Trexler (1977), Rogers (1975b), Kirkham 
(1976) and McKinney (1976).
TERMINOLOGY
Alluvial plain - A level or gently sloping land surface produced by ex­
tensive deposition of alluvium, usually adjacent to a river that occa­
sionally overflows (Gary and others, 1972).
Argillic horizon - A B soil horizon generally composed of at least 20 
percent more clay than in other horizons (Donahue and others, 1977). 
This horizon thickens, reddens and develops more structure with age. 
Cambic horizon - A "color" B soil horizon. It consists of a reddish 
zone of alteration that has soil structure but contains very little or 
no clay. This is essentially the initial stage of B horizon develop­
ment (Soil Survey Staff, 1975).
Duripan - Silica cementation in the C soil horizon.
Early Holocene - Interval of time lasting from 11000-3000 years B. C. 
(Hunt, 1972), or about 12000-5000 BP.
Late Holocene - The historic time period of 1 A. D. to the present 
(Hunt, 1972).
Median or 50 percentile - That amount of material (50 percent) that 
will pass through a sieve of a single size. Other percentiles (25,
75) are defined similarly (Folk, 1974).
Middle Holocene - Interval of time lasting from 3000 years B. C. to 
1 A. D. (Hunt, 1972), or about 5000-2000 BP.
Moderately developed soil - Has an A-3-C profile. The B horizon is usu­
ally argillic, but may also be natric, spodic,or oxic (Birkeland, 1974). 
Mud - The undifferentiated silt and clay fractions of alluvial sedi­
ments, as termed by Folk (1974).
Pediment - Gently sloping erosional surface formed on bedrock.
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Pediment terrace - Gently sloping erosicnal surface formed on alluvial 
sediments.
Petrocalcic horizon - Carbonate cementation in the C soil horizon 
(Donahue and others, 1977).
Strongly developed soil - Has an A-B-C profile. The 3 horizon is a 
thicker and redder-colored argillic horizon. Silica duripans are pre­
sent and carbonate horizons may be present (Birkeland, 1974).
Weakly developed soil - A soil consisting of an A-C profile or an A-E-C 
profile. The B horizon may be cambic or may contain very little clay. 
The C horizon may be oxidized or may contain some carbonate (Birkeland, 
1974).
INDURATION SCALE FOR ALLUVIAL DEPOSITS
Induration is a very loosely used term in geology. No definite 
field technique has been set forth to distinguish strongly indurated 
from moderately indurated or weakly indurated. During this study, it 
was necessary to qualify these terms since the degree of induration is 
not the same for each deposit. Strongly developed soils increases the 
induration of a deposit in the solum. For example, the alluvial depo­
sit may be weakly indurated but the soil on the surface of that depo­
sit may be moderately indurated. The following method is used in this 
study to determine degrees of induration in dry alluvium:
Strongly indurated - Fanglomerate. Matrix is nearly as hard as gravel 
clasts. Matrix and clasts are difficult to separate from each other. 
Pick penetrates matrix less than about 0,5 inch. Matrix feels solid
when hit with rock pick. Specimen cannot be brcxen in the hands.
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Moderately indurated - Pick penetrates matrix of deposit less than about 
one inch. When hit with pick, clumps of the matrix can be dug out, but 
with difficulty, and they do not fall apart unless broken by hand.
Matrix feels solid when hit with pick.
Weakly indurated - Pick penetrates approximately one inch or more.
Clumps are easy to dig out of outcrop. Some fall apart by themselves 
when being dug out, others crumble easily when broken by hand. Matrix 
does not feel very solid.
Non-indurated - Pick penetrates matrix easily. Loose sand falls from 
outcrop, and can often be scooped out. Very few to no clumps form.
These deposits are also unconsolidated.
USE OF SOILS IN FAULT STUDIES
Soils are useful in several ways when studying alluvial deposits 
and fault scarps. Investigators have found that Basin and Range soils 
develop within certain periods of time, and therefore, they can be used 
to establish the ages of alluvial deposits.
Soil development over an area varies according to such factors as 
climate, nature of parent material, slope and drainage. In general, 
the greater the amount of precipitation in an area, the more rapidly 
the soil forms. Also, soil forms over an entire area, given that the 
area remains stable for the period of time required to develop the 
soil. Therefore, if a soil forms over a surface, it will blanket cha 
entire surface, including hillsides and fiat terraces, and the same 
horizons should be present. However, the soil may be much thinner on 
Furthermore, if a soil on a flat terrace is more stronglyhillsides.
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developed than a soil on a hillside, then the hillside soil is younger. 
In this way, soils are useful in fault studies. For example, if a de­
posit containing a 12000 year old soil has been displaced, then faulting 
occurred within the last 12000 years. If the soil on the fault scarp is 
5000 years old, then faulting occurred between 5000 and 12000 years ago.
Basin and Range soils have been studied by many people. Tables I 
and II list some of these soils, the time they take to form and asso­
ciated references. Most of the work concerns late Pleistocene and 
Holocene soils, and many of the studies have been done in arid parts of 
the southwest. Therefore, in semiarid Carson City, soils may form more 
rapidly than those in Tables I and II. The 'work of Mock (1972) , Birke- 
land (1968), Morrison (1967), Morrison and Frye (1965), Nettieton and 
others (1975) and Alexander and Nettieton (1977) was dene in western 
and central Nevada. Age control of soils is most difficult to obtain 
for Pleistocene soils. Mock (1972) found that C horizons containing 
silica and opal begin to form on Illinoian-agea surfaces (Conner out- 
wash) and that they develop into duripans on pre-Illinoian surfaces. 
Post-Illinoian surfaces lack silica coatings or stringers in the C 
horizon, but contain thick argillic B horizons. Birkelana (1968) 
believed that soils on Conner outwash formed in the interglacial in­
terval following deposition of Conner outwash and therefore, should 
be considered Sangamon age. He then correlated these soils to Lake 
Lahontan soils that had been studied earlier by Morrison and Frye 
(1965). Morrison and Frye had concluded that soils on Illinoian-aged 
deposits in the Lake Lahontan region had formed during the intergla­
cial, and were Sangamon age rather than Iliinoian. Therefore, C 
horizons containing silica begin to form on Sangamon surfaces and
TABLE I A & B













None to very poor A-C 1,2 
None to very poor A-C 1,2 
None to very poor A-C 
A-C
Carnbic B 1,2 
Gamble B 1,2
Clay loam and sandy loam 
A-C or A-B (th.in)-C 
A-B (thin)-C 3 
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Gile and Hawley (1968)
**
Alexander and Nettleton (.1977) 
Gile (1975)
B) Recognized horizon development and age brackets:
Horizon and characteristics *
A horizon, 3-5 cm thick, weak platy and
crumb structure 
Soils with A-C horizons only 
Cca horizon
B horizon - argillic 1
B horizon - argillic sandy alluvium 
C horizon - stages of carbonate development 
C horizon - silica and opal accumulation 















Nettleton and others (1975) 
Gile (1975)
Mock (1972), Birkeland (1968) 
Mock (1972)
Birkeland (1968)
** Denotes soil age inferred by this author based on above references
1 Low gravel alluvium
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* Modified from Birkeland (1968) and Morrison and Frye (1965).
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develop into auripans on pre-Sangamon surfaces. Soils (geosols) studied 
by Morrison (1967) formed rapidly during short interglacial intervals 
rather than continuously throughout the Quaternary. This was verified 
by radiocarbon dates and the presence of buried soils.
In general, any western Basin and Range soils that consist only of 
A-C horizons must have formed in Holocene time within the last 4000 
years. Soils that lack distinct pedogenic horizons (Entisols) represent 
the first stage of soil development and are less than 2000 years old.
LITHOLOGY
Metamorphic rocks (JTRv, JTRs)
Mesozoic metamorphic rocks are exposed west of Jacks Valley in the 
Carson Range, T14N, R19E, sections 17, 20, 27-29, and in S24 on the ped­
iment. The rocks in the Carson Range are a roof pendant of metavolcanic 
lithologies (Moore, 1960). They have been mapped by Moore (1969)) and 
were not remapped during this thesis study. Regional studies shew’ the 
metavolcanics to consist mainly of metadacite and metaandesite volcanic 
breccias that also include lesser amounts of more felsic and basic 
types. They are interbeddea with marine sediments and are partially 
of submarine origin (Moore, 1960).
One small outcrop of metasediments occurs as an inselberg on the 
pediment surface. They are deposits of moderate dark gray medium peb­
ble conglomerate. Clasts are siliceous, average 0.5 inch (17 mm) in 
size, are subangular to subround, and appear to be elongated parallel 
to the general trend of foliation. The matrix is also siliceous and 
foliation planes appear to be remnant bedding planes. Moore (1960)
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has studied the metasediments and concluded that they appear to underlie 
the metavolcanics. The sediments consisted of shale, siltstone and 
limestone originally, along with interbedded sandstone, graywacke, dolo­
mite, gypsum and chert. Sedimentary breccia and conglomerate are also 
intercalated with them.
The age of the metavolcanics and metasediments has been well esta­
blished by fossils. They indicate a range in age from late Triassic to 
early Jurassic.
Granodiorite (Kg)
Cretaceous granodiorite underlies early Pleistocene pediment gra­
vels and Tertiary sediments throughout the thesis area and it is well 
exposed in the Carson Range. It intruded Jurassic-Triassic sediments, 
as part of the Sierra Nevada batholith. Very rugged, mountainous 
topography forms where the granodiorite is exposed.
Generally, the granodiorite is medium to coarse grained, consists 
of approximately 50 percent oligoclase, 20 percent orthoclase, 10 per­
cent microcline, 10-15 percent quartz and minor amounts of hornblende 
and biotite (Bingler and Trexler, 1977). Thin aplite dikes are also 
found in the plutonic rock.
Several sets of joints are found in the granodiorite. One of these 
sets dips subparallel to the present topography, and therefore, may have 
developed from unloading.
Tertiary sediments (Ts)
The oldest sediments in the region are a series of fluviolacustrine 
deposits of Tertiary age. They are exposed in stream and roadcuts east 
of Jacks Valley and west of Highway 395 in T14N, R19E, 312 and 23, and
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in T14N, R20E, S18. They are exposed at elevations of 4720-5000 feet 
(1439-1524 m). At each locality a portion of the stratigraphic section 
is exposed, and the presence of one distinctive bed, the Tertiary allu­
vium Oi Hobo Hot Springs, at all localities allows the various parts of 
the section to be correlated. The Tertiary alluvium of Hobo Hot Spri­
ngs, besides being a marker bed for determining stratigraphic order, 
also serves as a marker to show fault offset. The total inferred 
thickness of the deposits is 600 feet (182 m).
Unit 1
The oldest of the Tertiary deposits are exposed in a streamcut east 
of Jacks Valley, T14N, R19E, S12. Several beds are exposed consisting 
of moderately indurated, poorly sorted pale yellowish orange (10 YR 8/6) 
sandy granule gravel and large cobble gravel. The matrix is weakly 
cemented with calcium carbonate. Gravel clasts, consisting of disa­
ggregated granodiorite, are up to ten inches (250 mm) in size, and have 
been deposited at the base of the bed. The sand fraction consists of 
qriartz and mica. The beds dip 25 degrees northwest. Features sugges­
tive of deposition in a fluvial environment include laminated bedding, 
crossbedding and cut and fill structures.
Tertiary alluvium of Hobo Hot Springs - Unit 2
The second oldest Tertiary deposits overlie and interfinger with 
Unit 1. They are exposed in T14N, R19E, S18 and S23. The alluvium 
forms a prominent, very thick bed that consists of moderately sorted, 
moderately indurated moderate brown (5 YR 4/4) muddy very fine sand.
It contains coarse sand (25 percentile), very fine sand (median) and
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mud (75 percentile). The sand is subangular to subround. Exposed 
thickness of the deposits is 12 feet (4 m). The bedding has been pre­
served because a calcium carbonate precipitate crust has developed on 
the surface of the deposits. The crust is 0.5 inch (1.3 cm) thick, 
pale yellowish brown (10 YR 6/2) and moderately cemented. On the out­
ermost portion of the crust, where it has been exposed to weathering, 
the calcium carbonate has been leached away, leaving a porous clayey 
residue in its place. The innermost part of the crust is composed of 
porous calcium carbonate. Near Hobo Hot Springs glass shards are also 
present in the crust. Gravel clasts have been cemented to the crust 
that are composed of metamorphic rocks (90 percent) and granodiorite 
(10 percent).
The carbonate precipitate has sealed the Tertiary deposit and pre­
vented erosion of the unit. Because of this, a thick clay layer has 
been preserved under the crust above the alluvium. This secondary clay 
layer may have formed as a pedogenic horizon. It is an observed two 
feet (0.6 m) thick and has bonded the deposits together to preserve 
the prominent bedding.
The crust is identical in composition and form to the calcium car­
bonate precipitate that has formed on the Holocene alluvium of Hobo Hot 
Springs, and therefore, is felt to also have originated from the hct 
springs. Since the Tertiary deposit covers a much larger area than the 
Holocene alluvium, it may be that Hobo Hot Springs was more active dur­
ing Tertiary time.
Unit 3
Overlying Unit 2 are more deposits of alluvial gravels. They are
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exposed in T14N, R19 and 20E, S12 and S23. They range from moderate 
orange pink (5 LR 8/4) to grayish orange (10 YR 7/4) sandy medium pebble 
gravel, muddy sandy small pebble gravel and muddy sandy small boulder 
gravel. The gravels are unsorted, moderately indurated, are not bedded 
and are weakly cemented with calcium carbonate. The gravel portion of 
the deposits range in size from small pebbles to small boulders, and the 
largest clasts are found in the western part of the study area (section 
23). The clasts are composed of 70-95 percent metamorphic rocks and 
5-30 percent granodiorite. In section 23 the deposits include several 
interfingering lenses of well sorted very fine sand. Lithologic fea­
tures suggest an alluvial depositional environment. This evidence in­
cludes general lack of sorting and the presence of lenses.
Unit 4
The youngest deposits of the Tertiary section are exposed in T14N, 
R19 and 20E, S18 in a utility trench. Several beds are present, and all 
are moderately indurated and dip to the west. This unit overlies Unit 2.
The lowermost bed is light brown (5 YR 5/6) well sorted very fine 
sand composed of quartz and mica, and cemented with calcium carbonate. 
Median grain size is 0.1 mm. Overlying this bed are thin to thick beds 
of light brown (5 YR 5/6) sandy small pebble gravel. The beds contain 
small pebble gravel (25 percentile), fine sand (median) and very fine 
sand (75 percentile). Metamorphic lithologies make up 90 percent of 
the gravel fraction and granodiorite comprises 10 percent. The sand 
is composed of quartz and mica. The beds are weakly iron stained.
These beds intertongue with a thick bed of very pale orange (10 YR 8/2) 
to pale yellowish brown (10 YR 6/2) tuffaceous fine siltstone. The
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siltstone is well sorted, well indurated, laminated and contains small 
fragments of carbonaceous material. The siltstone contains 95 percent 
quartz, five percent obsidian fragments and a trace of potash feldspar.
It is 85 percent coarse silt and 15 percent fine silt with a trace of 
clay. Overlying these deposits is a thin bed of weakly indurated 
yellowish gray (5 Y 8/1) granular very fine sand, containing granule 
gravel (25 percentile), very fine sand (median) and silt (75 percentile). 
The gravel is composed of metamorphic rocks, and calcium carbonate cem­
entation is present as clast coatings and veinlets. Interfingering with 
thus deposit is a thin bed of well-indurated grayish pink ( 5 R 8/2) 
welded rhyolitic tuff. It is composed of 85 percent quartz, five per­
cent sanidine and a trace of plagioclase feldspar. It is one foot (0.3 
m) thick and it is porous. The mineralogy of this tuff is the same as 
that of the tuffaceous siltstone deposited below it, and therefore, 
they were probably deposited from the same source.
Lithologic features suggest that the lower beds were deposited in a 
stream and lake and the upper beds on land as alluvium. Features sugges­
ting deposition in a stream and lake include lenses, cut and fill struc­
ture and the presence of very fine-grained laminated siltstone. Features 
indicating that the overlying rocks were deposited on land includes the 
unsorted gravelly sand and the welded rhyolitic tuff that has coarser 
texture than the tuffaceous siltstone and is not laminated.
In section 18, near Fault 4A, Unit 4 has been eroded .and a soil has 
developed cn the eroded surface and also on the fault scarp. The soil 
on the surface contains an A horizon and an argillic B horizon. The B 
horizon extends to depths of 1.5 feet (0.5 m) and consists of subangular 
to angular blocky peds one inch (2.5 cm) in diameter. The B horizon
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grades into an oxidized C horizon containing some secondarv silica. It 
has been classified as Prey series, a Durargid of the order Aridisol, 
and may be of Sangamon age. On Fault 4A, silica is absent in the C 
horizon, and the soil is thinner and of Wisconsin age.
Age
Geologic evidence suggests that this oldest sequence of alluvial 
sediments is Tertiary age. The tuffaceous siltstone is quite similar 
in texture to Tertiary lake deposits studied by Axelrod (1958) . West 
of Reno those deposits also contain sand lenses and poorly sorted gra­
vels and have much steeper dips relative to the very shallow-dipping 
Quaternary units. Fossils found in similar sediments in eastern Carson 
City indicate late Pliocene age —  possibly Blancan (McKinney, 1976). 
Also, the sediments mapped during the present study unconformably under­
lie all Quaternary units. These observations suggest a Tertiary age.
Basalt (Qb)
One small, isolated outcrop of basalt is exposed in T14N, R19E,
S24. The position of the basalt in the stratigraphic sequence is not 
known due to limited exposure, but it appears to be older than the 
early Pleistocene pediment alluvium in contact with it. No baking of 
the pediment alluvium is seen. Large volcanic clasts are scattered 
on the pediment near the basalt outcrop, but no similar clasts are 
seen on the pediment away from the basalt outcrop. The absence of 
clasts on the pediment is the major evidence that confuses the age 
interpretation. The basalt is also in contact with Mesozoic meta- 
morphic rocks and may have been extruded along fractures. Litholo­
gically, the rock is dark greenish gray (5 G 4/1) andesitic basalt
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composed mostly of fine grained, equigranular pyroxene and plagioclase. 
The basalt is fresh except for very slight weathering stains along 
fractures.
The basalt was tested for polarity using a Model 70 portable field 
magnetometer and was found to have reversed polarity. The Matuyama 
reversed polarity epoch ranged from about 0.7 million years BP to 2.5 
million years BP (McKinney, 1976), and therefore, the basalt is consi­
dered early Pleistocene age.
Quaternary Deposits
Quaternary sediments mapped during this study include deposits of 
early Pleistocene age; early to middle Pleistocene age; middle to late 
Pleistocene age; and late Pleistocene to Holocene age. These are rela­
tive ages that are based on criteria that have been established else­
where in the Carson City region by Bingler (1977), Trexier (1977), Mc­
Kinney (1976) , Kirkham (1976) and Rogers (1975b). Early Pleistocene 
deposits are characterized by deep erosion, highest topographic posi­
tion relative to other Quaternary units, strongly developed soils 
containing duripans and disaggregated gravel clasts. Early to middle 
Pleistocene deposits are moderately to deeply eroded, formed at slightly 
lower elevations than early Pleistocene deposits, contain moderate to 
strongly developed soils with duripans and some disaggregated gravel 
clasts. Middle to late Pleistocene deposits have slightly to modera­
tely eroded surfaces, moderately developed soils lacking duripans, 
fresh to slightly weathered gravel clasts having thin weathering rinds 
and are deposited at lower elevations than older deposits. Late
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Pleistocene and Holocene deposits are very slightly to non-eroded, have 
weakly developed soils lacking clayey B horizons, contain fresh gravel 
clasts and occupy the lowest elevations of all Quaternary deposits.
The youngest of these deposits are forming along active drainages and 
so the depositional processes are still active. In this study each of 
the Quaternary deposits is assigned a relative age based on the above 
criteria. Other criteria used for age determination and delineating 
units includes gemorphic form, superposition, lithologic similarities 
and correlations to other mapped areas. Absolute age ranges have been 
determined for soils in other parts of the Basin and Range and are 
applied to Quaternary units in this study.
In studies of the Carson City area, the time boundary between early 
to middle and middle to late Quaternary is set at approximately 750,000 
years BP (Bingler and Trexler, 1977). The Pleistocene-Holocene boundary 
used in this study is loosely set at 12000 BP based on ages of soils. 
Quaternary units mapped in this study are further correlated to other 
absolute dated units in the Carson City area.
Early Pleistocene deposits (Qp)
The oldest Quaternary deposits in the study area are a thick 
veneer of pediment and pediment terrace deposits. The deposits form a 
broad terrace covering an area of 24 square miles (33 sq. km) that ex­
tends from the east side of Jacks Valley northeastward to Carson Valley, 
where it has evidently been eroded and buried by younger alluvium. To 
the south, the pediment has been faulted down and buried by younger 
alluvium. To the west, the pediment has apparently also been faulted, 
but the extent of the faulting cannot be determined. The pediment
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slopes northeastward and ranges in elevation from 5200 feet (1585 m) on 
the west to 4900 feet (1493 m) to the northeast. The terrace stands 
higher in elevation than any of the other Quaternary alluvial deposits, 
and also shows the highest degree of erosion relative to other units.
A relict drainage pattern is present on the terrace that consists of 
closely spaced, parallel, northwest-southeast-trending rills. Super­
imposed on this relict pattern are deeply incised, easterly flowing, 
dendritic drainages. Near faults, minor parallel-rilled drainages have 
formed that also trend to the east. Active drainages are intermittent 
streams.
The pediment veneer is generally about 60 feet (18 m) thick, and 
appears to have been deposited unconformably over Tertiary sediments 
and non-conformably over granodiorite. Lithologically, the deposits 
range from moderate brown (5 YR 3/4) to dark yellowish brown (10 YR 4/2) 
sandy medium pebble gravel and pebbly coarse sand composed of medium 
pebble gravel (25 percentile), coarse sand (median) and very fine sand 
(75 percentile). Gravel clasts vary from 0.4-12 inches (12-300 mm) in 
size and consist of 98 percent metavolcanics, two percent granodiorite 
and a trace of metasediments. Generally, the gravel clasts are suban- 
gular to subround but smallest fragments tend to be more angular. Some 
of the surface gravel is lag gravel. Granodiorite clasts are grussy, 
and some rounded clasts are present and indicate an origin from Tertiary 
fluvial gravels. Clast size appears largest at the headward end of the 
pediment and decreases downslope. Based on clast size, the headward 
portion of the pediment may have been the southwest side. The sand 
fraction of the deposits are subangular to subround. The deposits 
are unsorted, non-indurated to weakly indurated below the soil zone
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to moderately indurated in the soil zone, and lack bedding.
The pediment surface contains two strongly developed soils. The 
A horizons are up to 1.5 feet (0.5 m) thick and B horizons are argillic 
with blocky structure and clay coatings on clasts and grains. Soil 
mapping by Langan (1971) describes the dominant soil as being of the 
Prey series, a Durargid of the order Aridisol. This soil typically con­
tains a strong, hard silica auripan, and an argillic horizon that is 17 
inches (43 cm) thick. The other soil is of the Springmeyer series, an 
Argixeroll of the order Mollisol. The argillic B horizon is at least 12 
inches (20 cm) thick in this soil. According to Langan (1971), the ped­
iment deposits had very little clay originally, and therefore, the clay 
that is present in the soils was formed during weathering processes.
Of all the Quaternary units, these deposits show the strongest soil 
development and the greatest depth of erosion. The presence of duripans 
in the soils suggests a pre-Sangamon age for the deposits. Dissected 
deposits, with similar soil development, that have been mapped elsewhere 
in the region, have been assigned early Pleistocene ages. These criter­
ia, along with the fact that these deposits directly overlie Tertiary 
sediments, indicates an early Pleistocene age for the pediment deposits.
The pediment-related depositional environment is inferred from the 
areal extent of the broad, gently-sloping terrace; lack of sorting or 
stratification of the deposits; unconformable deposition, indicating 
erosion prior to deposition; and presence of Tertiary gravel clasts 
in the pediment veneer.
The elevations of these deposits correlate well with pediment de­
posits mapped by Bingler (1977) east of Carson City. In that area, the 
deposits are deeply eroded and contain strongly developed soils two to
three meters in thickness. Bingler assigned a later Tertiary to early 
Quaternary age to those deposits. The elevations, degree of erosion, 
and amount of soil development of the deposits east of Carson City and 
those mapped during this study are similar, and therefore, the sedi­
ments may have been deposited at the same time.
Early to middle Pleistocene deposits (Qpap)
Several occurrences of alluvial and pediment deposits are exposed 
in T14N, R19E, sections 11, 12, and 18 at elevations of 4760-5200 feet 
(1451-1585 m). The deposits form several stranded terrace remnants 
that generally slope south and east except where faulted. The most ex­
tensive terrace is located just west of Highway 395 in section 18 and 
has been faulted down on the east and west sides. This terrace is deep­
ly dissected and has dendritic drainages cut into it. These deposits 
were also exposed in trenches under Holocene alluvium on the aownthrown 
side of Fault 4, in section 18. Near faults a short, parallel-rilled 
drainage pattern has formed in addition to the dendritic pattern. On 
the east side of Jacks Valley (section 11) the deposits are of pediment 
origin and have also been faulted. They range from nine feet (3 m) 
thick in section 11 to 33 feet (10 m) estimated thickness elsewhere.
They formed at lower elevations than the oldest Pleistocene deposits 
but at higher elevations than other alluvial deposits. They overlie de­
composed granitic rocks in section 11 and in all occurrences, appear to 
have been deposited adjacent to or on the oldest Pleistocene surfaces.
Lithologically, the deposits are similar to the oldest Pleistocene 
gravels and consist of unsorted to well sorted grayish brown (5 YR 3/2) 
and dark yellowish brown (10 YR 4/2) muddy sandy small cobble and large
pebble gravel containing lenses of fine sands and pebbly sands. The 
gravels contain small cobble gravel (16 percentile), granule to small 
pebble gravel (25 percentile), very coarse sand (median) and fine to 
very fine sand (75 percentile). Gravel clasts are 0.3-4 inches (2-10 
cm) in size, subangular to round and are composed of 90-98 percent 
metamorphic rock fragments and 2-10 percent granodiorite fragments. 
Granodiorite clasts are disaggregated; and the sand portion of the 
deposits consists of quartz and mica. The deposits vary from massive 
to moderately bedded. They are unconsolidated and non-indurated to 
weakly indurated below the soil zone but moderately to well indurated 
within the soil zone. Cut and fill structures are present but are 
weakly developed. Iron staining also occurs and dark mineral concen­
trations highlight some laminations.
Near the surface of the deposits is a bed of white volcanic tuff. 
The tuff is about 1.5 feet (0.5 m) thick and slightly to moderately 
cemented. It is mostly air fall but part of it was deposited in water. 
It appears to be correlative to ash deposits found to the north by 
Kirkham (1976) and McKinney (1976) based on relative age of the allu­
vium, and elevation and polarity of the tuff. The tuff was tested for 
polarity with a Model 70 portable field magnetometer, and was found to 
have normal polarity. This indicates that the ash was deposited during 
the Brunhes normal polarity epoch, from about 0.7 million years BP to 
the presenr (McKinney, 1976). In other areas the ash and sediments 
associated with it have been found to have a normal polarity, suggest­
ing that they are 700,000 years old or younger.
Of all the Quaternary units, these deposits show the second most 
mature soil development. The A horizon is one foot (0.3 m) thick; the
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B horizon is hard, argillic and is 2.6 feet (0.8 m) thick with hlocky 
clay structure; and Cox and Cca horizons are hard. Overall, the soil 
profile exhibits massive to angular platy peds. Langan (1971) des­
cribes the soil as part of the Prey series, a Durargid of the order 
Aridisol. Typically, this soil contains a silica duripan and an argillic 
B horizon. The Cca horizon may have developed from the white volcanic 
ash. Carbonate has moved downward and has formed laminae that indicate 
stage III and IV development (Gile, 1975). In some areas where the ash 
is absent, the petrocalcic horizon still forms, but it is weaker.
The relative elevation, degree of soil development, presence of the 
ash, degree of erosion and correlations to other areas suggest an early 
to middle Pleistocene age for these deposits. The polarity of the tuff 
indicates a middle Pleistocene age. The presence of duripans in the 
soil suggests that the soil on the deposits is pre-Sangamon in age. The 
cut and fill structures, lenses and thick accumulation of sediment sug­
gest an alluvial origin near Highway 395, but lack of sorting and the 
thin veneer of gravels in Jacks Valley suggests a pediment origin there. 
Based on the presence of other fault-related alluvial deposits in the 
region, it is felt that deposition of these sediments in section 18 
began as a result of faulting on Fault 3, and therefore, that they are, 
in part, reworked early Pleistocene deposits. Elsewhere in the thesis 
area, faulting could also have initiated the deposition of these sedi­
ments .
These early to middle Pleistocene deposits are correlative to other 
deposits of the same age based on the presence of the ash, elevations, 
degree of soil development and erosion, and environment of deposition. 
They correlate to alluvial deposits located near Mexican Dam (McKinney,
1976, Bingler, 1977) and to some on Curry Street in Carson City 
{Kirkham, 1976).
Middle to late Pleistocene deposits
Alluvium 1 (Qâ )
The oldest of the middle to late Pleistocene deposits are exposed 
in T14N, R19E, sections 14, 15, 22 and 23 on the east side of Jacks 
Valley at an elevation of 4960 feet (1500 m). They cover an area of 
about one square mile (1.6 sq. km). The deposits have been partially 
buried by younger alluvial deposition and have been cut into by stream 
action to form a strath terrace on the east side of Jacks Valley. The 
deposits are exposed at a lower elevation than previously discussed 
Quaternary units and are less eroded. They dip gently eastward and 
have been moderately dissected by one stream.
Lithologically, two layers are present. The lowermost is poorly 
sorted, weakly indurated moderate olive brown (5 YR 4/4) slightly grav­
elly muddy very fine sand composed of small pebble gravel (25 percentile) 
very fine sand (median) and mud (75 percentile). The gravel portion is 
subangular to round and consists of 98 percent metamorphic clasts and 
two percent granodiorite. and the sand fraction is subangular and con­
sists of quartz and mica. Gravel clasts range up to cobble size. The 
deposits are poorly bedded. The upper deposit consists of weakly bedded, 
weakly indurated moderate olive brown (5 YR 4/4) granular muddy medium 
sand containing granule gravel (25 percentile), medium sand (median) 
and mud (75 percentile). The gravel fraction is subangular to round 
and contains 98 percent metamorphic lithic fragments and two percent 




clasts are completely decomposed. Some lenses are also present.
Soil is much less developed on the surface of these deposits than 
on older Pleistocene units. The soil is moderately developed. The A 
horizon is 1.5 feet (0.5 m) thick and the B horizon is clayey, possibly 
argillic, and is also 1.5 feet (0.5 m) thick. The C horizon appears to 
be oxidized. Soil structure is prismatic with prisms about six inches 
(15 cm) in size. This soil has been classified as belonging to the 
James Canyon series. It is of the group Haplaquoll and order iMollisol, 
and develops on late Pleistocene deposits (Langan, 1971).
The relative gecmorphic position of this unit, degree of soil dev­
elopment, and degree of erosion indicate that these deposits are younger 
than previously described units. Based on soil ages the deposits may be 
more nearly late Pleistocene age rather than middle Pleistocene, pro­
bably Wisconsin.
The poor sorting, abundance of mud and presence of lenses indicates 
that the deposits are of mudflow origin deposited as alluvial fans. The 
easterly dip indicates that they were deposited from a westerly source 
which was probably the Genoa fault. The presence of metamorphic clasts 
further substantiates this and also indicates that the fans were depo­
sited from the southern end of Jacks Valley near Harvey's ranch. Thus, 
streams transporting the sediment may have flowed no the northeast. 
Because Holocene fans have more recently been deposited at the base of 
the Genoa fault, it is felt that these older fans were also deposited 
at the base of the fault in response to middle to lane Pleistocene 
faulting.
Alluvium 2 (0a2)
Remnants of middle to late Pleistocene alluvial deposits were
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exposed in trenches west of Highway 395 south of Vista Grande Road at 
T14N, R19E, S2 at an elevation of 4800 feet (1455 m). They form a 
slightly eroded flat-lying terrace and are a minimum of 13 feet (4 m) 
thick.
The layer consists of non-indurated, unconsolidated, poorly bedded 
dark yellowish orange (10 YR 6/6) to moderate brown (5 YR 4/4) sandy 
granule gravel and slightly granular coarse sand. Grain sizes range 
from granule gravel to very coarse sand (25 percentile), coarse sand 
(median) and fine sand to coarse silt (75 percentile). The sediments 
are composed of granodiorite lithic fragments, quartz and mica and are 
subangular to subround. They are horizontally bedded.
The surface of these deposits has a moderately developed soil con­
sisting of an A horizon three inches (8 cm) thick and a clayey B hori­
zon, possibly argillic, 1.3 feet (0.4 m) thick. This grades into the 
C horizon. This soil has been classified as Prey series, a Durargid 
of the order Aridisol (Langan, 1971). No duripan is present in these 
deposits, however.
The elevation of Qa2 relative to other Quaternary units, the 
relative degree of soil development and the relative degree of ero­
sion suggests a middle to late Pleistocene age, probably Wisconsin.
Both the fine texture of the sediments, the horizontal bedding 
and geomorphic form suggest an alluvial plain depositional environ­
ment. Because the only stream in this area is located to the west, 
it is likely that these sediments were deposited from a westerly 
source.
Alluvium 3 (Qa^)
Other remnant alluvial deposits are located near Vista Grande Road
27
exposed in trenches west of Highway 395 south of Vista Grande Road at 
T14N, R19E, S2 at an elevation of 4800 feet (1455 m) . They form a 
slightly eroded flat-lying terrace and are a minimum of 13 feet (4 m) 
thick.
The layer consists of non-indurated, unconsolidated, poorly bedded 
dark yellowish orange (10 YR 6/6) to moderate brown (5 YR 4/4) sandy 
granule gravel and slightly granular coarse sand. Grain sizes range 
from granule gravel to very coarse sand (25 percentile), coarse sand 
(median) and fine sand to coarse silt (75 percentile) . The sediments 
are composed of granodiorite lithic fragments, quartz and mica and are 
subangular to subround. They are horizontally bedded.
The surface of these deposits has a moderately developed soil con­
sisting of an A horizon three inches (8 cm) thick and a clayey B hori­
zon, possibly argillic, 1.3 feet (0.4 m) thick. This grades into the 
C horizon. This soil has been classified as Prey series, a Durargid 
of the order Ariaisol (Langan, 1971). No duripan is present in these 
depos its, however.
The elevation of Qa^ relative to other Quaternary units, the 
relative degree of soil development and the relative degree or ero­
sion suggests a middle to late Pleistocene age, probably Wisconsin.
Both the fine texture of the sediments, the horizontal bedding 
and geomorphic form suggest an alluvial plain depositional environ­
ment. Because the only stream in this area is located to the west, 
it is likely than these sediments were deposited from a westerly 
source.
Alluvium 3 (Qâ )
Other remnant alluvial deposits are located near Vista Grande Road
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west of Highway 395 at an elevation of 4785 feet (1450 m) . The deposits 
generally form a flat-lying terrace and are slightly eroded. They are 
a minimum of 13 feet (4 m) in thickness.
Three layers were exposed in trenches. All are non-indurated, 
poorly bedded, and horizontal. The lowest layer is moderate yellow (5 Y 
7/6) slightly granular coarse sand with median grain size of 0.5 mm. The 
gravel portion is composed of subanguiar to subround granodiorite frag­
ments, and the sand is of quartz and mica. The middle layer is yellow­
ish gray (5 Y 7/2) granular coarse sand. It contains granule gravel 
(25 percentile), coarse sand (median) and medium sand (75 percentile) , 
and is composed of granodiorite fragments, quartz and mica. The upper 
layer consists of moderate brown (5 YR 3/4) to moderate yellow (5 Y 7/6) 
slightly granular coarse sand. The gravel consists of granodiorite 
fragments, and the sand is of quartz and mica. All are subanguiar to 
subround.
These deposits have a moderately developed soil at the surface 
consisting of a loamy A horizon, and a 4.5 inch (15 cm) thick clayey B 
horizon. The clayey B horizon is absent in some areas. The soil has 
been classified as being of the Prey series, generally a Durargid of 
the order Aridisol (Langan, 1971). However, no duripan is present in 
these deposits, and the B horizon is not argillic. Thus, this soil is 
of Wisconsin age. Two buried paieosols are present at depths of three 
feet (1 m) and four feet (1.3 m). The oldest one is argillic and is 
4.5 inches (15 cm) thick. The younger one is clayey, possibly argillic, 
and is also 4.5 inches (15 cm) thick. Clay development on the older 
paleosol is much more complete than on the younger one. The presence 
of the buried paieosols indicates that during the depositional history
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of these sediments there were two periods of non-deposition and stabi­
lity long enough in duration to form soils. Morrison (1965) mentions 
several regionally-developed geosols of middle to late Pleistocene age. 
One of these is the Churchill soil, which formed about 27000 years ago 
during the Farmdalian weathering substage. The Churchill soil may 
correlate to the oldest paieosol.
Alluvium 3 is younger than Alluvium 2 because it was deposited at a 
lower elevation than Alluvium 2. This is also verified by relative soil 
development. Soil development, degree of erosion and depositional envi­
ronments indicate that Alluvium 3 is of middle to late Pleistocene age. 
The possible correlation of geosols suggests that Alluvium 3 is of Wis­
consin age, and the surface soil development also indicates a Wisconsin 
age.
The fine texture of the sediments, horizontal bedding and geomor- 
phic form suggests that both Alluvium 2 and 3 were deposited in an 
alluvial plain environment, probably from the large drainage to the 
west.
Alluvium 4 (Qa^)
Deposits of late Pleistocene alluvium form a terrace remnant on the 
east side of Jacks Valley, T14N, R19E, S23. The deposits are exposed at 
elevations of 5060-5120 feet (1533-1551 m) and are a maximum of 33 feet 
(10 m) thick.
The sediments are non-indurated, non-stratified, unsorted moderate 
yellowish brown (10 YR 5/4) muddy sandy small cobble gravel containing 
small cobble gravel (25 percentile), very fine sand (median) and mud 
(75 percentile). Medium boulders are present at the base ot the unit, 
with clast size decreasing upwards. Gravel clasts are subangular and
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composed of metamorphics, <52r3.nodi.03f.Lfce and andesite. Send is subancjular 
to subround and composed of quartz and lithic fragments of various meta- 
morphic lithologies. Granodiorite and metamorphic clasts are disaggre­
gated and andesite clasts have weathering rinds up to 0.4 inch (1 cm) 
deep.
A moderately developed soil is present at the surface consisting of 
angular blocky peds 2.4 inches (6 cm) in diameter. The A horizon is 1.5 
feet (0.5 m) thick and the B horizon is clayey and is three inches (8 
cm) thick. The soil has been classified as James Canyon series, a Hap- 
laquoll of the order Mollisol (Langan, 1971).
The deposits are slightly to moderately dissected and the exact 
stratigraphic position of them relative to other middle to late Pleis­
tocene units is uncertain. Soil development is less but they occur at 
higher elevations than Alluvium 1, 2 or 3. The moderately developed 
soil and degree of erosion suggest a Wisconsin age.
Geologic evidence suggests that the deposits are of mudflow allu­
vial fan origin. This evidence includes the presence of mud in the 
matrix, lack of sorting, fining upward sequence and presence of boulders 
in the alluvium. If Alluvium 4 is younger than Alluvium 1, 2 or 3, then 
the higher topographic position of Alluvium 4 could be the result of de­
position of Alluvium 4 over Alluvium 1. The source area of Alluvium 4 
appears to have been the southern half of Jacks Valley near Harvey s 
ranch where metamorphic rocks outcrop. Alluvium 4 was probably depos­
ited after late Pleistocene movement on the Genoa fault.
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Holocene deposits
Stream deposits of Clear Creek (Qs-, )
South of Highway 50, T14N, R19E, S3, along Clear Creek, a stream 
terrace is presently being dissected by the active stream. The terrace 
is nearly horizontal and is relatively slightly dissected. One younger 
alluvial fan has deposited a small amount of sediment on the terrace.
The stream deposits comprising the terrace are 6-19 feet (2-6 m) thick.
Three beds are exposed that dip about one degree eastward. The 
lowermost is non-indurated, light brown (5 YR 5/6) granular medium sand 
consisting of granule gravel (25 percentile), medium sand (median) and 
fine sand (75 percentile) . Both the gravel and sand are subangular and 
composed of granodiorite fragments, quartz and mica. The middle bed 
consists of non-indurated grayish brown (5 YR 3/2), medium sand, and 
contains very coarse sand (25 percentile), medium sand (median) and 
very fine sand (75 percentile). Sand is subangular to subround and 
composed of granodiorite fragments, quartz and mica. The upper layer 
is non-indurated, grayish brown (5 YR 3/2) silty very fine sand. It is 
composed of fine sand (25 percentile), very fine sand (median) and silt 
(75 percentile). A trace of gravel is present that consists of round to 
subround granodiorite fragments. Sand is of subangular to subround mica 
and quartz. The deposits contain lenses and cut and fill features.
The soil on the stream terrace is weakly developed. The A horizon 
is three feet (1 m) thick and the 3 horizon is cambic and up to six 
inches (15 cm) thick. The cambic B is characterized by a reddish color 
with no clay present. In the Basin and Range, cambic horizons have been 
found to develop within 5000 years (Gile, 1966). Thus soil age, along 
with lack of erosion indicate that the stream deposits are of early
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Holocene age, possibly about 5000 years old.
Lenses and cut and fill structures are characteristic of stream 
deposits. The nearly horizontal dip to the east indicates that the 
drainage was to the east during time of deposition.
Stream deposits 2 (QS2)
Stream deposits located in T14N, R19E, S14 on the east side of 
Jacks Valley are exposed at elevations of 4840-4960 feet (1466-1503 m) . 
Stream action associated with these deposits cut a flat terrace in 
Alluvium 1 on the west side of the present stream and formed a fill 
terrace on the east side of the present stream. The exposed thickness 
of the deposits is 13 feet (4 m).
The deposits consist of three layers. The lowest is a bed of non- 
inaurated, light olive gray (5 YR 5/2) very fine sand. Median grain 
size is 0.1 mm and it is composed of angular to subangular mica and 
quartz. The middle layer is a lens of weakly indurated, grayish orange 
(10 YR 7/4) sandy large and small pebble gravel. It contains large 
pebble gravel (5 percentile), small pebble gravel (25 percentile), very 
coarse sand (median) and coarse sand (75 percentile). The gravel is 
composed of granodiorite and metamorphic lithic fragments and the sand 
is of quartz and mica. Gravel is subround to round; sand is angular to 
subround. Calcium carbonate has coated some clasts. The uppermost bed 
consists of non-indurated, light brown (5 YR 5/6) silty sandy large 
pebble gravel. It contains large pebble gravel and small cobble gra­
vel (5 percentile), very coarse sand (25 percentile), very fine sand 
(median) and silt (75 percentile). The gravel is composed of subround 
to round metamorphic lithic fragments and sand is of subangular to 
round quartz and mica. The deposits contain cut and full features,
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lenses and interfingering beds.
A weakly developed soil has formed on the terrace consisting of an 
A-C profile about three feet (1 m) thick. The soil has been classified 
as Holbrook series. This is a Haploxeroll of the order Mollisol that 
has formed in the past 6000 years.
These deposits occur at lower elevations than most others in Jacks 
Valley, have weaker soils than alluvium discussed previously and have 
not been dissected except by the present stream. The presence of the 
cut terrace indicates that these deposits are younger than Alluvium 1. 
Based on above criteria, stream deposits 2 are assigned an early Holo­
cene age.
The presence of cut and fill structures, lenses and interfingering 
layers indicates deposition by a stream. The extent of the deposits 
and size of the terrace further suggests that the stream was larger 
than the present stream. Also, since the terrace deposits are not 
found upstream, it may be that water from small drainages in Jacks 
Valley collected in this broader basin and formed a single large 
stream.
Older alluvial plain deposits (Qoa)
Holocene older alluvial plain deposits cover much of the Genoa- 
Carson City-New Empire region at elevations of 4760-4890 feet (1442- 
1482 m). In the thesis area remnants of the deposits are present in 
Jacks Valley, T14N, R19E, S15 and more extensive exposures occur east 
of Jacks Valley, T14N, R19 and 20E, sections 12, 6 and 32. Other 
occurrences are in Carson Valley, T13 and 14N, Pi9 and 20E, throughout 
the southeast corner of the thesis area. In all exposures the sediments 
comprise flat-lying or gently sloping terraces along drainages in broad
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lowland basins. In general, these terraces are slightly dissected ex­
cept for presently active streams that have eroded through the deposits, 
but m  Jacks Valley the deposits are almost completely eroded away. The 
deposits are estimated to be a maximum of 53 feet (16 m) thick.
The alluvial deposits consist of weakly to moderately indurated, 
poorly to moderately bedded, poorly to moderately sorted moderate yel­
lowish brown (10 YR 5/4) sandy small pebble gravel. The sediment is 
derived mainly from nearby granitic rocks and contains small pebble 
gravel (25 percentile), medium to coarse sand (median) and fine sand 
(75 percentile). Both the gravel and sand fractions contain granodio- 
r^te lithic fragments. The sand also contains quartz and mica. Some 
thin gravelly lenses are present and contain metamorphic clasts.
The surface of the deposits consists mostly of two weakly developed 
soils with only A-C horizons present. These soils have been classified 
as Holbrook and Mottsville series. Both are Haploxerolls of the order 
Mollisol that form within 6000 years.
The deposits are assigned an early Holocene age due to the age of 
soils, degree of erosion, elevation relative to other deposits and close 
proximity to presently active streams.
The sediments have been deposited in broad lowland basins mostly 
as alluvial plain deposits. Evidence for this includes the presence 
of terraces in basins and lithologies that lack definitive stream 
sedimentary features but do show some lenses and variations in sorting 
similar to other alluvial deposits in the region. Bingler (1977) and 
Trexler (1977) have mapped these as alluvial plain deposits, while 
McKinney (1976) considered them of bajada and floodplain origin, and 
Kirkham (1976) suggested an alluvial fan and stream origin.
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Colluvium/alluvium (Qca)
Mappahle deposits of colluvium and alluvium are located in T14N, 
R19E, sections 1, 12, 3 and 31 at elevations of 4920-5200 feet (1490- 
1575 m) . The deposits are situated on steep hillsides at the mountain- 
valley junction near Fault 2 and on hillsides of eroded granitics be­
tween olear Creek and Highway 50. Along Highway 50 the deposits have 
been used as borrow material. They are about 37 feet (12 m) thick.
Lithologically, the sediments consist of unsorted to poorly sorted, 
non-indurated to weakly indurated, cross-bedded grayish brown (5 YR 3/2) 
sandy granule to small pebble gravel composed of granule to small pebble 
gravel (25 percentile), medium sand (median) and fine sand (75 percen­
tile) . Both gravel and sand portions are subangular and derived from 
granodiorite. Crossbedding is shallow to moderately dipping.
The soil on the surface of the deposits in section 12 is weakly 
developed and consists of A-C horizons only. The soil has been class­
ified as Glenbrook series of the group Torripsament and order Entisol, 
and it forms in less than 2000 years. Other soils on these deposits 
are Mollisols that lack a 3 horizon and therefore, formed in less 
than 4000 years. These deposits have been offset by movement on 
Fault 2.
In section 12, the geomorphic form of the colluvium/alluvium indi­
cates that it was deposited onto a valley floor consisting of older 
alluvial plain deposits (Qoa). The partial alluvial origin is suggested 
by the presence of drainages near the deposits and by alluvial fills 
seen in road cuts near Highway 50. The colluvial (slopewash) origin 
is indicated by the presence of irregularly crossbedded sediment 
situated on steep slopes with relatively steep primary dips.
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Alluvial plain deposits of Carson and Jacks valleys (Qya)
extensive Holocene deposits of younger alluvium are present throu­
ghout the region along drainages in lowland basins. They are most abun- 
dant in Carson Valley, along Clear Creek, where it drains into Carson 
Valley and in Jacks Valley. They occur at elevations of 5000-5120 feet 
(1524-1560 m) and occupy the lowest topography of all Quaternary units 
in present valley floors. Geomorphicallv, the deposits comprise undis­
sected active floodplains that slope gently in the direction of flow of 
active streams. The deposits are an estimated 13 feet (4 m) thick. 
McKinney (1976) suggested that, in Carson Valley, the deposits might 
be about 28 feet (8.5 m) in thickness based on seismic wave velocities.
In Jacks Valley two layers are exposed. Both are unconsolidated, 
non-indurated and well sorted. The oldest layer is grayish brown (5 YR 
3/2) medium sand containing minor amounts of silt. It contains suban- 
gular very coarse sand (25 percentile) , medium sand (median) and very 
fine sand (75 percentile), all of which is composed of quartz. The 
younger layer is olive black (5 Y 2/1) sand with minor amounts of silt. 
Percentiles are the same as the older bed. In Carson Valley the depo­
sits have been studied by McKinney (1976) . They consist of very pale 
orange to moderate yellowish brown and yellowish gray silty very fine 
and medium sands and very fine sandy silts, with some granular muddy 
coarse sands. They are non-stratified and poorly to moderately well 
sorted. The gravel portion, comprising up to 30 percent of the depo­
sits, is subangular and composed of granitic fragments. The fragments 
are granule to small pebble size. The sand portion ranges from very 
fine to coarse, with the median being fine sand.
Soil development on the deposits is weak. They generally consist
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of A-C horizons that vary in thickness. Langan (1971) has classified 
several soils as being of Haybourne, Fettic, James Canyon and Toll 
series. The Haybourne is a Camborthid of the order Aridisol that forms 
within 5000 years (Gile, 1966); the Fettic is a Natrixeroll of the order 
Mollisol; James Canyon is a Haplaquoli of the order Mollisol; and Toll 
is a Torripsament of the order Entisol that has formed in about 2000 
years.
The lack of erosion, the presence of weakly developed soils on 
geomorphic surfaces and deposition in areas where flooding occasionally 
occurs (McKinney, 1976) verifies an early to middle Holocene age and 
indicates that the deposits are all less than 5000 years old.
In Carson Valley the alluvium is being actively transported and 
deposited as floodplain sediment along streams that originated in the 
Carson Range and from the Carson River. In Jacks Valley deposition 
is from small drainages within the valley.
Alluvial deposits of Hobo Hot Springs (Qyah)
Holocene younger alluvial deposits similar to those in Jacks Valley 
are being deposited from Hobo Hot Springs. The alluvium is covered with 
a white precipitate of calcium carbonate. This crust is present on allu­
vium where spring water drains into Carson Valley. The carbonate preci­
pitate is identical in form to a calcium carbonate crusr that has for­
med on one of the Tertiary deposits and appears to be the Holocene 
equivalent of that deposit. The soil has been identified as a calcar­
eous variant of the James Canyon series due to the presence of the
carbonate precipitate.
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Reworked alluvial plain deposits (Qyaf)
In the southeast portion of the study area in Carson Valley youn­
ger alluvial plain deposits (Qya) have been reworked by stream action 
of the Carson River. These sediments are outside the present Carson 
River floodplain. Geomorphically, they contain meander scars and aban­
doned channels that have been revegetated with saaebrush. The terraces 
have not been eroded by young drainages but have been dissected by the 
Carson River.
They consist of unconsolidated, non-indurated pale yellowish brown 
(10 YR 6/2) gravelly coarse sand composed of granule gravel (25 percen­
tile) , coarse sand (median) and medium sand (75 percentile). The gravel 
fragments are composed of round to subangular scoriaceous basalt (30 
percent), granodiorite (20 percent) and metamorphic lithologies (50 
percent). The sand contains subangular to angular quartz, mica and 
metamorphic lithic fragments.
The soils are weakly developed and the same types are present as 
were in the younger alluvial plain deposits (Qya). The soils contain 
A-C horizons and are less than 5000 years old. One Entisol is present 
and is about 2000 years old. The recent reworking of the deposits by 
former channels of the Carson River along with the presence of young 
soils indicates that the deposits are of early to middle Holocene age. 
They were deposited originally as floodplain deposits (Qya) and were 
then later reworked by the river. The river has since formed an 
active floodplain within the reworked deposits. Thus, they are 
younger than Qya but older than the active Carson River floodplain.
Alluvial fan deposits of the Carson Range (Qfbc)
At the base of the Carson Range front are extensive and continuous
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deposits of alluvial fans and coalesced alluvial fans (bajadas). They 
are present in Jacks Valley and along the range to the south at least 
as far as Galleys Hot Springs. Soutn of sacks Valley they have been 
deposited directly into Carson Valley. The deposits are slightly to 
non-eroded. They were originally deposited in response to faulting 
along the Genoa fault. Since deposition, all of the deposits have 
been offset by Holocene faulting.
The lithologies of the deposits vary according to the lithology of 
the bedrock from which they were derived. In T14N, R19E, S10 and Sll, 
northern Jacks Valley, the deposits are derived from granitic source 
rocks. Lithologically, they consist of unconsolidated, non-indurated 
dusky yellowish brown (10 YR 2/2) muddy sandy granule gravel and gra­
velly sand. They contain coarse sand and granule gravel (25 percen­
tile) , coarse sand (median) and medium sand (75 percentile) made up 
entirely of subangular to subround granodiorite fragments, quartz and 
mica. The fans are generally of lower gradients than fans derived from 
metamorphic rocks; and some boulders have been deposited on the fan sur­
faces during flooding. Maximum thickness is estimated to be 30 feet 
(10 m) .
In southwest Jacks Valley, T14N, R19E, sections 24 and 26, allu­
vial fans deposits are of metamorphic origin. Near Harvey's ranch two 
beds were examined in detail. The lowest consists of unconsolidated, 
non-indurated to weakly indurated moderate yellowish brown (10 YR 5/4) 
muddy sandy granule gravel containing granule gravel (25 percentile) , 
coarse to very fine sand (median) and mud (75 percenrile). The gra­
vel and sand are composed of metamorphic rocks. The upper bed is 
unconsolidated, non-indurated to weakly indurated dark yellowish
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brown (10 YR 4/2) muddy sandy granule to large cobble gravel containing 
granule to large cobble gravel (25 percentile), very fine to coarse sand 
(median) and mud (75 percentile) . Some boulders are also present. Both 
the gravel and sand are of metamorphic lithologies. Maximum thickness 
of the deposits is estimated to be 115 feet (35 m) .
On both the deposits of granitic and metamorphic origin, soil is 
weakly developed and contains A-C horizons only. The soils have been 
classified as Holbrook and Mottsville series, both of which are Haplo- 
xerolls of the order Mollisol. These soils have formed within the last 
4000 years. The same soils are found at the base of the Genoa fault 
south of Genoa near Walleys Hot Springs. Thus, these deposits are of 
early to middle Holocene age.
Other alluvial fans and bajadas (Qf, Qfb)
Other alluvial fans and bajadas have formed in response to Holocene 
faulting in the region. The most extensive of these are bajadas that 
have been deposited at the base of Fault 4 and Fault 6 in Carson Valley, 
T14N, R19 and 20E, S18 and S8. The bajadas grade into younger alluvial 
plain deposits (Qya) in Carson Valley. Other individual fans have been 
deposited throughout the thesis area.
Together, the fans and bajadas consist of non-indurated, unconso­
lidated moderate brown (5 YR 3/4) to dark yellowish brown (10 YR 4/2) 
gravelly coarse sand and slightly gravelly medium sand containing very 
coarse sand and granule to small pebble gravel (25 percentile), coarse 
to medium sand (median) and very fine to medium sand (75 percentile). 
Both gravel and sand consists of granodiorite fragments, quartz and 
mica. These deposits are an estimated 30 feet (10 m) in maximum
thickness.
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As with other Holocene units, these deposits have weak soil pro­
files consisting of A-C horizons. Some of the soils associated with 
them are Mottsville, Glenbrook and Holbrook series. Both the Holbrook 
and Mottsville soils are Haploxerolls of the order Mollisol. The Glen­
brook series is a Torripsament of the order Entisol that is probably 
less than 2000 years old.
The fans and bajadas grade into other Holocene deposits in Carson 
Valley and Jacks Valley and the fans overlie older alluvial plain depo­
sits (Qoa) in section 12. They have been deposited along active drain­
ages. These criteria, along with soil ages, substantiates an early to 
middle Holocene age.
Active floodplain deposits of the Carson River (Qfl)
In Carson Valley the presently active floodplain of the Carson 
River consists of one northerly-trending terrace. The river appears 
to have abandoned the floodplain in the southern half of the Genoa 
quadrangle in favor of a westerly course nearer the Carson Range.
The deposits are unconsolidated, non-indurated dark yellowish 
brown (10 YR 4/2) medium to very fine sand with a trace of granule 
gravel. They contain medium sand (25 percentile), very fine sand 
(median) and silt (75 percentile). The sand is composed of quartz 
(20 percent) , b.iotite and muscovite (15 percent) and granitic lithic 
fragments (55 percent). All are subangular to subround.
A very weak soil has formed on the floodplain as the geological 
processes are still active. The deposits are of middle and upper 
Holocene age.
Holocene pediment deposits (QP2)
One thin veneer of pediment deposits is present on the northernmost
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edge of Jacks Valley at elevations of 5200-5360 feet (1575-1624 m).
The deposits form a gentle south-sloping terrace on granodiorite bedrock 
that grades into other Holocene deposits in Jacks Valley. The veneer is 
about 13 feet (4 m) thick.
The deposits are unsorted, unconsolidated moderate brown gravelly 
coarse sands consisting of very coarse sand (25 percentile), coarse sand 
(median) and medium sand (75 percentile). Most gravel is aranule size 
but some medium cobbles are also present. Gravel clasts are composed of 
granodiorite (70 percent) and andesite (30 percent). The sand fraction 
is composed of quartz, mica, feldspar and granodiorite lithic fragments.
A weakly developed soil is present on the surface containing an 
A-C profile. This soil has been classified as Glenbrook series, a 
Torripsament of the order Entisol that forms in about 2000 years. Lack 
of pediment dissection along with weak soil development indicates a 
middle Holocene age for this unit.
Carson River mainstream (Qms)
The Carson River flows northerly in the Carson Valley and has 
formed a prominent floodplain. Near Genoa, however, the river appears 
to have abandoned this floodplain in favor of a westerly course through 
younger alluvial plain deposits (Qya) and reworked alluvial plain depo­
sits (Qyaf)• North of Genoa the river again flows within the esta­
blished floodplain in a northeasterly direction.
Landslide block (Qls)
One small block of early Pleistocene pediment gravels rotated 
slightly as a result of faulting on Fault 3. The age of this block 
is unknown but appears to have moved in Pleistocene time.
43
REGIONAL CORRELATIONS OF QUATERNARY DEPOSITS
The regional geology of the eastern Sierra Nevada and western Basin 
and Range has been described in detail by McKinney (1976) and Kirkham 
(1976). Those references should be consulted for discussions of pre- 
Cenozoic bedrock geology. Since the present study is primarily concerned 
with Quaternary deposits, the emphasis of this section is also on Quat­
ernary geology. Very little has been written about the Quaternary geo­
logy of the western Basin and Range, however, and therefore, most of 
the references for this section are the various geology maps that have 
been produced in the Carson Citv-New Empire areas. The purpose of this 
discussion is to correlate Pleistocene and Holocene units that have been 
mapped in the Carson City, New Empire and northern Genoa quadrangles in 
order to more accurately interpret the Quaternary structural geology-of 
the region.
Bingler (1977), Trexler (1977), McKinney (1976), Kirkham (1976), 
and Rogers (1975b) have delineated several distinct Quaternary alluvial 
deposits on the basis of lithologic similarities, superposition, degree 
of soil development, degree of erosion and geomorphic position. The 
oldest correlative deposits are early Pleistocene in age and are ex­
posed at elevations of about 4800-5300 feet (1454-1606 m). The deposits 
are coarse pediment gravels that were mapped as QTpg by Bingler (1977) 
and were mapped as Qp in the present study. Another correlative unit 
is early to middle Pleistocene in age and is exposed at elevations of 
4700-5180 feet (1424-1570 m). In the Carson City, New Empire and Genoa 
quadrangles the alluvial deposits contain a white ash layer. The de­
posits are found near Mexican Dam (McKinney, .1976), Bingler, 197/) and
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3-long Carry Street in Carson City (Kirkham, 1976) . One other corre­
lative unit is Holocene in age and has been mapped in all areas as 
older alluvial plain deposits (Qoa). The deposits are exposed at 
elevations of 4650-4800 feet (1409-1454 m) and cover broad parts of 
Eagle Valley, Carson Valley and Clear Creek drainage.
REGIONAL QUATERNARY STRUCTURAL GEOLOGY
Quaternary deposits that are correlative over the Carson City, New 
Empire and Genoa quadrangles are important marker horizons by which to 
interpret the type of fault movement that has occurred during Quaternary 
time. This discussion is necessary because one previous investigation 
has stated that during the Quaternary period "rivers were incised across 
the upwarped and upfaulted areas" (Gilbert and Reynolds, 1973). This, 
emphasis on uplift rather than downfaulting is an erroneous interpreta­
tion. Quaternary correlations make it clear that since deposition of 
the earliest Pleistocene deposits, faulting has downdropped Eagle and 
Carson valleys and has not uplifted any of the associated horst blocks. 
Total offset since the Tertiary has been approximately 500 feet (151 m) 
based on displacements of Tertiary sediments (Unit 2). Thus, discu­
ssions of Quaternary structure should emphasize downfaulting and not 
uplift. Eagle and Carson valleys are both regional structural grabens 
produced by Basin and Range faulting.
REGIONAL TECTONICS
Regional tectonic studies of the western Basin and Range have 
emphasised several important structures: 1) The northwest-trending,
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right-lateral Walker Lane shear zone; 2) northeast-trending left-lateral 
conjugate shear zones; and 3) northerly-trending Basin and Range normal 
faults. In the Carson City region, the two important features present 
are the Carson Lineament and Basin and Range normal faults.
The Carson Lineament extends from Carson City northeastward about 
94 miles (150 km) (Rogers, 1975a) and southwestward into the Carson 
Range. Geophysical data (U. S. Geological Survey, 1971) suggests that 
it may extend as far west as Lake Tahoe. It also extends about five 
miles (8 km) south of Carson City into the Genoa quadrangle. This 
marks the southern boundary of the Lineament zone. Shawe (1965) was 
the first to recognize a conjugate relationship between the Walker 
Lane and the Carson Lineament. He suggested that movement along the 
Walker Lane produced left-lateral conjugate faulting along the Carson 
Lineament. This conjugate system, in turn, controlled development of 
Basin and Range horsts and grabens, which were considered near-surface 
adjustments to those deeper strike-slip structures.
Rogers (1975a) interpreted Quaternary normal faults in Carson City 
as part of the Carson Lineament, but Bingler and Trexler (1977) disa­
greed with that interpretation. They state that
No major strike-slip faults, that is faults in which the 
major component of slip is subhorizontal, were mapped.
Rogers (1975) has suggested that the faults at Indian 
Mountain are part of a strike-slip zone but there is no 
direct evidence to support this contention.
Although no northeasterly faults in the Carson City region show 
definite left-lateral slip, many do show left separation. In the area 
mapped during the thesis study, several faults are present that belong 
to the Carson Lineament. One of these has distinct left separation or 
left-slip, while the others are normal faults. Faults belonging to the
/[)or1i\
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Extension produced by the Carson Lineament
Basin and Range normal faults
Carson Lineament are short, discontinuous, and show predominantly normal 
slip in the Carson City area. The presence of such normal faults veri­
fies Shawe's (1965) tectonic interpretation: Right-lateral slip on the 
Walker Lane should produce an extension in a northwest-southeast direc­
tion while producing the Carson Lineament (Fig. 2). This extension 
would be manifested as normal faults that would form as part of the 
Carson Lineament zone, and left-lateral strike-slip faults would also 
form. The deep-seated nature of the conjugate shears is suggested by 
the shortness of the Carson Lineament faults. If movement occurred at 
depth, ground rupture would be minimal. Such deep-seated lateral' 
shearing along the Carson Lineament would produce east-west extension 
which would result in northerly-trending Basin and Range normal faults.
Further studies will be needed to determine if Shawe's theory can 
be continued. One problem with this idea is the presence of the pro­
minent Genoa fault. This fault has not been disrupted by the Carson 
Lineament west of Carson City. It trends northward and probably is one 
of the faults mapped by Trexler (1977) in the Carson City quadrangle. 
Such continuity of the Genoa fault suggests that it is not controlled 
by any left-lateral conjugate system, otherwise it should break into 
en echelon faults in the vicinity of the Carson Lineament.
SEISMICITY
The thesis area is situated on the western border of the Ventura- 
Winnemucca seismic zone (Ryail and others, 1966), a zone of seismic 
activity that extends from Ventura, California, to Winnemucca, Nevada. 
Earthquakes have occurred throughout the Carson City region, but not
48
in the thesis area. A recent swarm near Woodfords, California, along 
the Nevada-California border, occurred in September, 1978. The largest 
of these was about 4.5 Richter magnitude, as measured by the University 
of Nevada. It has not yet been determined whether or not these earth­
quakes were associated with the Genoa fault.
FAULT DESCRIPTIONS AND SCARP MORPHOLOGY
Introduction
In this region, normal faults of the Basin and Range province' are 
present in granitic rocks and in alluvium. In granitic terrain, faults 
are very difficult to detect. Several trend into the northwest part of 
the Genoa quadrangle from the north where they were mapped by Trexler 
(1977). They form prominent shear zones that are best exposed in road- 
cuts and streamcuts. Scarps are present but are often masked by 
vegetation.
Basin and Range fault scarps in alluvial deposits are well-defined. 
Most form a series of irregular, discontinuous en echelon traces that 
vary in length. Only the Genoa fault forms one continuous scarp throu­
ghout the region. In the area studied, all five major faulrs have 
downthrow to the east, while only small faults on the east side of 
Jacks Valley have been downthrown to the west.
It is difficult to assess the extent of strike-slip components of 
faulting in the alluvial deposits other than by interpreting offset 
streams or other geomorphic criteria. In this region, such features 
are generally absent. Thus, lateral movement could not be determined 
in this study unless slickensides were exposed in bedrock.
Fig. 3. Geomorphic features of fault scarps in alluvium. 
Modified from Wallace (1977).
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Geomorphic features of fault scarps
Basin and Range normal faults all show similar features when they 
fracture alluvium. Wallace (1977) has found that when initial surface 
rupture occurs, a scarp forms that has three main features (Fig. 3).
The uppermost feature is the crest. At first the crest is a sharp 
point on the scarp, but it becomes rounded after erosion. The second 
feature formed is the free face. It is a vertical or very steep slope 
at first, but during erosion of the scarp, becomes eroded or buried by 
the accumulation of sediment that makes up the debris slope. The debris 
slope first forms at an angle of about 50 degrees, but flattens after 
erosion. Erosion of the top of the scarp builds up the debris slope, 
so that after a long period of time the debris slope develops and the 
other features of the scarp above the debris slope erode away or become 
buried.
In the region studied by Wallace, precipitation ranged from 12-25 
cm per year at lower altitudes and from 35-45 cm per year in higher 
areas. There were 120-130 freeze-thaw days per year. At Carscn City 
and Minden, precipitation amounts to 22 and 30 cm per year and there 
are 159 and 192 days of freeze-thaw annually (Sakamoto and Gifford,
1970). Wallace (1977) states that freeze-thaw may be an important 
factor in degradation of scarps, and the large number of freeze-thaw 
days at Carson City and Minden supports this contention.
Where streams cross the faults, stream knickpoints and gradients 
are useful techniques to check the number of offsets that have occurred 
on a fault. Each time movement occurs, the stream gradient will change. 
A drainage that has not cut down to the most recent base level will show 
several different gradients, and may also show terraces or knickpoints
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developed in or along the stream. Field evidence indicates that streams 
formed in unconsolidated alluvium adjust to new base levels much more 
rapidly chan do those in oedrock; that is, one drainage in bedrock may 
show three gradients and a nearby alluvial drainage only show one grad­
ient. Thus, lithology is an important factor in controlling the pre­
servation of old stream gradients.
In the same way, the crest of the fault scarp is difficult to in­
terpret. In unconsolidated Holocene alluvial fans, crests erode faster 
than in indurated Pleistocene alluvial deposits. This is because the 
older deposits have been cemented with calcium carbonate and silica, 
and also have clayey soils. All of these features influence the mor­
phology of the scarp by helping to bond the deposit together. Crests 
are also difficult to interpret on faults that show multiple offsets.
An eroded crest sometimes resembles an old debris slope bevel, and 
vice versa.
Gullying also affects the scarp profile. Wallace (1977) mentions 
that erosion is accelerated where streams flow along the base of the 
scarp and oversteepen it. This causes erroneous debris slope readings. 
Gullies crossing the scarp also can oversteepen it if the water reaches 
the wash slope. Gullying appears to be better developed on pre-Holocene 
faults. When measuring scarps, one must be careful of animal trails 
that cross the scarps and other non-geoiogic influences.
In this study, method used to measure scarps was to lay a board on 
the scarp, set a Brunton compass on the board to determine the slope 
angle, and measure the slope distance continuously up the scarp. Brun­
ton readings were also taken continuously up the scarp. Once this data 
•was plotted onto graphs, the different scarp bevels could be inferred.
Carson Lineament faults
Three faults, trending N80E and N85E, are present in the area and 
mark the southernmost extent of the Carson Lineament* Thev are unlike 
Basin and Range faults in that they are short, discontinuous, and trend 
nearly east-west. Two of the faults are located in T14N, R19E, S13.
They cut pearly Pleistocene pediment gravels but do not cut early to 
middle Pleistocene alluvial deposits, and thus, they are early Pleisto­
cene in age. One of the faults, a dip-slip normal fault downthrown to 
the north, is 0.3 mile (0.48 km) in length and shows 56 feet (17 m) 
total displacement. There are at least three bevels on the scarp, 
indicating that the fault had recurrent movement during the early 
Pleistocene. No evidence of strike-slip can be found. The second 
fault is left-lateral strike-slip, and shows no vertical movement. It 
is 0.2 mile (0.3 km) long and has about 300 feet (91 km) of horizontal 
offset. The third is located along Clear Creek, T14N, R19E, S3. It is 
a dip-slip normal fault that cuts colluvium of probable late Pleistocene 
age, with downthrow to the south. It is 0.3 mile (0.5 km) in length and 
has about 12 feet (3.6 m) of vertical offset. No strike-slip component 
can be recognized.
Lineaments
Features mapped as lineaments include vegetation alignments and 
very small scarps in alluvium, and linear, non-joint features in gran­
itic rocks. Most of the lineaments in alluvium are located near faults 
and were probably caused by ground shaking during earthquakes.
Fault 1
Fault 1 is located on the northeast side of Jacks Valley, T14N,
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R19E, S14. The scarp is difficult to measure because it has been part­
ially destroyed by road construction. It trends N17W and is 0.28 miles 
(0.45 km) in length with the west side downthrown. Only faults located 
near Fault 1 have downthrow to the west, all others have been downdrop- 
ped to the east. Fault 1 is one of the shortest Basin and Range faults 
in the region, and has offset early to middle Pleistocene deposits 
(Qpap) and early Holocene alluvium (Qoa).
Two bevels are present on the scarp in both deposits, indicating 
that all movement occurred after deposition of the youngest unit. 
Therefore, all movement occurred in late Pleistocene and/or Holocene. 
Total displacement is five feet (1.8 m) and the total scarp height is 
six feet (2 m). In the portion of the scarp formed in Qpap, debris 
slopes average 26 degrees for the most recent faulting and 14 degrees 
for the oldest movement. Corresponding offsets are two feet (0.6 m) 
and three feet (1 m) respectively. Scarp heights are two feet (0.6 m) 
for youngest event and four feet (1.2 m) for the oldest. In Ooa, the 
youngest debris slopes average 23 degrees and the oldest are 13 degrees. 
Offsets are two feet (0.6 m) for the youngest event and two feet (0.6 m) 
for the oldest, and scarp heights are two feet (0.6 m) for the youngest 
event and four feet (1.2 m) for the oldest. The scarp is debris-wash 
controlled and the crestal zone, for the oldest faulting event, is 
about one foot (0.3 m) wide.
The youngest debris slopes are somewhat more flat than they should 
be according to Wallace's (1977) debris slope curve for Holocene faults. 
Based on soil development, both movements occurred in the last 6000 
years, indicating that the scarp has undergone rapid degradation. Also, 
the debris slopes in each deposit, for the same faulting event, agree
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closely, which indicates that the erosion rates of the two lichologies 
do not vary considerably.
Earthquake recurrence, based on geologic data, including ages of 
soils, is estimated by assigning an age of 6000 years to Holocene Qoa, 
which gives a recurrence rate of 3000 years. Recurrence based solely 
on Wallace’s (1977) scarp morphology debris slope curve suggests that 
movements took place approximately 1000 BP and 300,000 BP. This latter 
age seems too old when compared to geological data, and gives a recur­
rence rate of about 150,000 years. The crestal width indicates that 
the oldest event occurred about 5000 BP. This estimate agrees well 
with the geological interpretation.
Fault 2
Fault 2 is an extensive normal fault that trends into Carson City 
at a bearing of N35E over a distance of about 3.8 miles (6 km). Its 
southernmost extent is the southwest quarter of T14N, R19E, S12. The 
fault is comprised of several irregular, discontinuous en echelon 
scarps exhibiting downthrow to the east. In places animals have esta­
blished trails on the scarp, making profile measurement difficult.
Fault 2 offsets early Holocene colluvium (Qca) and has three 
bevels, indicating three late Pleistocene or Holocene offsets totaling 
11-28 feet (3.3-8.5 m) . Maximum scarp height is 37 feet (11.2 m). 
Debris slopes average 26 degrees for the most recent movement, 21 
degrees for the intermediate event and 17 degrees for the oldest one. 
Associated displacements are 4-22 feet (1.2-6.7 m) for the youngest 
event, 3.5 feet (1 m) for the intermediate faulting, and three feet 
(1 m) for the oldest event. Scarp heights are 4-22 feet (1.2-6.7 m)
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for uhe youngest raulting, 4-6 feet (1.2-2 m) for intermediate faulting 
and 4-11 feet (l.̂ .-3.3 m) for oldest faulting. The crestal zone, formed 
initial faulting, is a maximum of eight feet (2.4 m) wide. The 
scarp is debris-wash controlled.
Soils on the alluvial deposits displaced by Fault 2 formed within 
the past 4000 years and one Entisol is no more than 2000 years old. 
Therefore, Fault 2 has undergone three episodes of faulting in 4000 
years, and at least one of these occurred in the past 2000 years. This 
suggests recurrence estimates of 1300 years and 2000 years. Wallace's 
(1977) debris slope curves suggest ages of 1000 BP, 5000 BP and 40,000 
BP for three events. The first two ages agree with the geological in­
terpretation based on soils but the latter age appears too old if the 
interpretation of soil displacement is correct. This was also noted 
on Fault 1, where the oldest bevel disagreed with the geologic inter­
pretation. These variations are probably caused by more rapid degrada­
tion of scarps in grussy, unconsolidated, non-inaurated alluvium, and 
suggests that Wallace's curve should be modified to account for such 
easily eroded alluvium.
Fault 2A
Fault 2A is an en echelon trace of Fault 2 and is a short, gullied 
scarp 0.3 miles (0.5 km) in length that appears to be associated with 
faults 2 and 2B. The scarp is situated at the base of a steep slope. 
Both the upthrown and downthrown blocks are in Qpap, but the fault 
partially cuts one Holocene alluvial fan with very small offset. A 
complete scarp morphology profile was only obtainable at one point, 
which does not provide conclusive results. Bevels suggest three
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movements, with the most recent bevel having a debris slope of 19 
degrees, and offsets of nine feet (2.7 m) . Most of the scarp appears 
to be wash-controlled.
Limited morphology data on Fault 2A suggests that movement has 
occurred in the Holocene which is verified by offset in Qf. The debris 
slope suggests that youngest faulting took place about 10,000 3P when 
compared to Wallace's curve, but soil development suggests that move­
ment occurred within the last 2000 years.
Fault 2B
Fault 2B is short, 0.3 miles (0.5 km) in length, and is related to 
Fault 2. The scarp has been partially obliterated by road construction, 
and therefore uncertainty exists as to whether it is the same scarp as 
Fault 2 or an en echelon trace. Fault 2b offsets early to middle 
Pleistocene deposits (Qpap) and one Holocene alluvial fan (Qf). In 
Qpap scarp data was hard to obtain due to erosion at the base of the 
scarp. In Qpap, there have been two or three episodes of movement, 
with offsets totaling 10 feet (3m), and in Qf there has been one 
displacement.
Debris slopes associated with.the most recent displacement average 
19 degrees in Qpap and in Qf they average 13 degrees for the same event. 
For the next-older period of faulting, debris slopes formed in Qpap 
average 14 degrees, and for the questionable third event, debris 
slopes average 12 degrees. Offsets associated with the youngest 
event are 4-8 feet (1.1-2.4 m) in Qpap artd three feet (I m) in Qf.
For the second event offset is three feet (1 m), and for the third 
cne it is two feet (0.6 m). Scarp heights are four feet (1 m) in Qf
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and 6-10 leet (2-3 m) for the most recent movements, 4.5 feet (1.4 m) 
for the second event, and two feet (0.6 m) for the third possible event. 
The crestal zone is three feet (1 m) in width in Qf, and the oldest 
crest, observed in Qpap, is three to six feet (1-2 m) wide. The scarp 
is debris-wash controlled.
Fault 2B has had three episodes of movement with at least one of 
uhese being Holocene. Debris slopes indicate that movements occurred 
about 10,000 BP, 100,000 BP and 300,000 BP for a recurrence estimate of 
136,000 years. It may well be, however, that these events occurred at 
the same time as movements on Fault 2, thus indicating that they are 
much younger. Width of the oldest crest suggests that faulting 
occurred between 1000-10,000 BP.
Soil ages indicate that the most recent movement on Fault 2 occ­
urred at the same time as movement on Fault 2b , and thus they probably 
occurred during the same event. This youngest movement occurred in 
middle to late Holocene.
In Qpap, Holocene debris slopes for faults 2, 2A and 2B fit 
Wallace's (1977) curve for Holocene faults, however, in Qf the youngest 
debris slope is much less than Wallace's determined slope angle. There­
fore, a much more flat debrrs slope curve is needed for scarps formed 
in non-induratea ana unconsolidated material.
Fault 3
Fault 3 is located in the central portion of the thesis area, T14N, 
RI9E, 37, 313 and SIS. It is 2.6 miles (4.1 km) in length and trends 
N35E to N5W. Downthrow is to the east and dip is east. The fluctua­
tion in attitude is a reflection of the fault dip. The upthrown block
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of the fault is primarily in early Pleistocene pediment gravels (Qp) 
and the downthrown block is mostly early to middle Pleistocene alluvium 
(Qpap). The presence of Qpap at the base of the scarp is an indication 
that Qpap was deposited at a new base level after initial faulting took 
plsce. This also indicates that initital faulting occurred in early 
Pleistocene time, and therefore, the oldest bevels on this scarp should 
suggest an early Pleistocene age unless they have been totally obliter­
ated by erosion. Youngest movement on the fault is probably pre- 
Holocene because alluvial fans, containing soils less than 4000 years 
old, conceal the scarp and are not offset. Faulting has initiated 
landsliding in Qp at one locality, but the absolute age of the land­
slide block was not determined. The fault scarp is gullied, so ob­
taining reliable measurements of debris slopes was difficult. Springs 
have developed along the scarp.
Fault 3 shows four to five bevels, suggesting four, or possibly 
five, episodes of faulting which total 46-54 feet (14-16.4 m) in offset. 
Scarp heights are 55-70 feet (17-21 m) . Debris slopes average 21 de­
grees for the most recent episode of faulting, 20 degrees for the 
second event, 15 degrees for the third event, 14 degrees for the 
fourth and 13 degrees for the questionable fifth event. Associated 
surface displacements are 14 feet (4.3 m) for the youngest event, 13 
feet (4 m) for the second one, five feet (1.5 m) for the third event,
14 feet (4.3 m) for the fourth one and eight feet (2.4 m) for the 
questionable fifth event. Scarp heights are 15 feet (4.5 m) for the 
youngest two events, six feet (2 m) for the third, and 15 feet (4.5 m) 
for the fourth and fifth ones. The crestai zone was not identifiable 
but the fifth bevel may be part of an eroded crest. The scarp is wash
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controlled and has three distinct "sags" in the profile.
Faulu scarp bevels indicate that Fault 3 has undergone at least 
four movements throughout the Pleistocene epoch. Using arbitrary time 
lines of one million BP to 4000 BP for ages of geologic units, estima­
ted recurrence is 249,000 years. Application of Wallace’s (1977) debris 
slope curve to the debris slopes suggests that faulting occurred at 
7,000 BP, 10,000 BP, 90,000 BP, 100,000 BP and possibly 200,000 BP.
This gives an average recurrence rate of 51,700-81,400 years and does 
not indicate that any faulting took place during early Pleistocene time. 
Since all faulting occurred prior to 4000 BP, the Holocene ages obtained 
from debris slopes may be correct.
Fault 4
Fault 4 is located near Highway 395 on the western edge of Carson 
Valley, T14N, R19E, S18. It is 0.8 mile (1.4 km) in length, trends 
N32E and is downthrown to ,the east. In the southwest quarter of section 
18, the fault has two scarps. The main scarp is prominent and indicates 
several repeated movements in Pleistocene time. The other scarp formed 
during the most recent Holocene movement and is located about 50 feet 
(15 m) to the east of the main scarp. The youngest scarp joins the 
main scarp further to the north in section 18 and the main scarp shows 
evidence of the youngest Holocene event along it.
Along the main scarp the upthrown block consists of non-indurated 
to weakly indurated early to middle Pleistocene (pre-Sangamon) allu­
vial gravels (Qpap) and Tertiary sediments (Ts). On the downthrown 
block the gravels are overlain by Holocene alluvium (Qfb). In Qpap, 
where the main fault includes the youngest break, the scarp has three
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to four bevels, indicating three or four displacements, totaling about 
15 feet (4.5 m) of vertical offset. In Ts, the main fault scarp in­
cludes the youngest break and has five bevels, suggesting that the 
fault had movement prior to deposition of Qpap. The bevels indicate 
about 17 feet (5.1 m) of displacement.
In Ts and Qpap, debris slopes average 19 degrees for the youngest
Holocene event, 16 degrees for the second one, 15 degrees for the third
event, 13 degrees for the fourth one and 10 degrees for the fifth. 
Associated displacements are three feet (1 m) for the youngest, five
feet (1.5 m) for the second, three feet (1 m) for the third, two feet
(0.6 m) for the fourth and two feet (0.6 m) for the fifth. Scarp 
heights are three feet (1 m) for the youngest event, seven feet (2.1 m) 
for the second, five feet (1.5 m) for the third one, two feet (0.6 m) 
for the fourth and three feet (1 m) for the fifth. The crestal zone 
was not interpreted but the oldest bevel could be an eroded crest.
The youngest Holocene scarp formed in non-indurated middle to late 
Holocene alluvium (Qfb). The scarp is distinct on the alluvial fans 
but becomes very subtle in between them. The scarp consistently has 
one bevel, indicating one event, but one profile suggested two bevels. 
The youngest debris slope averages 11 degrees with associated offset 
of three feet (1 m).
Fault 4 was trenched in two localitites in the southwest quarter
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of section 19 (Fig. 4) (Trench logs 2 and 3). Both trenches crossed 
the youngest Holocene scarp and the northern one (Trench 2) extended 
up the wash slope of the main scarp. In Trench 2, soil on the wash 
slope of the main scarp is strongly developed and indicates that the 




appears to be of Sangamon to Early Wisconsin age (200,000-50,000 HP). 
The Bg horizon of the soil is truncated by the Holocene fault and is 
downthrown about 4.5 feet (1.4 m) to the east. Underlying early to 
middle Pleistocene alluvial gravels are also downthrown 4.5 feet. One 
bed of Holocene alluvium, overlying the B3 soil, also appears to be 
displaced about two feet (0.6 m) . The upper bed of Holocene alluvium 
contains an Entisol soil which is probably less than 2000 years old. 
This bed shows no signs of having been displaced. At this trench, the 
scarp was obliterated because fissuring occurred during faulting, and 
thus a clean break evidently did not occur. In Trench 3, the southern­
most trench, faulting displaced an alluvial fan. Early to middle Plei­
stocene gravels are found in the bottom of the trench and have been 
displaced 4.5 feet (1.4 m). An overlying bed of probable Holocene age 
has been offset three feet (1 m), and the uppermost bed of Holocene 
alluvium has been displaced three feet (1 m). This youngest bed con­
tains an Entisol soil over the entire fan surface that is less than 
2000 years old.
Both trenches indicate that repeated movement has occurred on the 
Holocene scarp, and that three feet (1 m) of movement occurred during 
one event within the last 2000 years. The trenching results agree with 
displacement estimates based on debris slope interpretations for the 
Holocene scarp, but indicate that the debris slope is much too flat 
for such a recent fault.
Fault 4 has undergone one episode of faulting in the last 2000 
years, and repeated movement prior to that. The presence of Sangamon 
soils on the scarp suggest that no faulting occurred on the main scarp
during late Pleistocene and that two movements occurred in about middle
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Pleistocene time, between 200,000-700,000 BP. Two small movements may 
have occurred in early Pleistocene between about 700,000-1 million BP. 
This suggests recurrence estimates of 250,000 years during middle 
Pleistocene and 150,000 years during early Pleistocene. On the main 
scarp, debris slopes suggest that youngest faulting took place 10,000 
r,P/ 70,000 BP, 80,000 BP, 200,000 BP and 700,000 BP. For the most re­
cent faulting, debris slopes on both the main scarp and the small Holo­
cene scarp are much less than those proposed by Wallace (1977) for 2000 
year-old faults. This suggests that fault scarp degradation is much 
more rapid in non-indurated Qfb and Opap, and that part of this rapid 
degradation may be due to such small displacements as those observed on 
Fault 4. Most debris slope ages of Pleistocene events do not agree with 
ages based on soil development. Debris slopes are consistently steeper 
on the main scarp, and this suggests that the well-developed soils 
covering the main scarp prevent scarp degradation.
Fault 4A
Fault 4A is located in T14N, R20E, S18. It is an older en echelon 
trace of Fault 4, and is 0.20 miles (0.3 km) in length with the east 
side downthrown. The main shear zones trend N32E65E. This fault was 
exposed in a north-south oriented utility trench. (See Trench Log 1) . 
The fault only displaces Tertiary sediments (Ts). Tuffaceous siltstone 
comprises the northwest upthrown block and alluvial sands comprise the 
downthrown block. The main original shear is composed of tuffaceous 
siltstone gouge and other fractures have formed in the alluvial sands. 
Detailed scarp heights were not obtained from the profiles but the 
obvious debris slope bevels were measured. The fault shows two debris
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slopes Ox 15 degrees and 10 degrees. Evidence for these scarp bevels 
being multiple offsets are seen in the utility trench log where one 
gravelly lens has been displaced twice and tilted, for a total of five 
feet (1.5 m) of offset. These offsets were the result of the most re­
cent- period of fauxting and formed the bevels seen on the scarp. Very 
minor movements of 0.2 feet (0.06 m) occurred more recently than the 
five feet events, but they were not preserved in the scarp profile. 
Evidence suggesting that offsets of the gravelly lens occurred in twc 
separate events rather than during a single period of faulting is that 
oldest offset is two feet (0.6 m) and the youngest offset is one foot 
(0.3 m). Tilting accounts for the other two feet (0.6 m) of movement.
Fault 4A has been inactive since Pleistocene time. Soil has deve­
loped on the scarp to a depth of two feet (0.6 m) and has also developed 
on the shear zones. The soil has been mapped as an aridisol that forms 
on landforms older than late Pleistocene (Langan, 1971) . A similar soil 
has formed on early to middle Pleistocene deposits but it is thicker and 
has a silica duripan. In Ts, near Fault 4A, the soil lacks a duripan. 
Thus, at the fault there has been enough time to form a soil with an 
argillic B horizon but not enough time to develop duripans. Therefore, 
soil development at the fault did not begin until faulting had ceased, 
although that soil may have been forming on other deposits away from 
the fault during the time of faulting. It appears that the soil formed 
during Wisconsin time due to the total thickness of the solum, thick­
ness of the argillic horizon and absence of a duripan. It has been 
found that some silica begins to form in the C horizon about Sangamon 
time, but not before. Therefore, faulting may have occurred prior to 
70,000 BP. A time span from early Pleistocene to Wisconsin is 930,000
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years, which suggests a recurrence interval of 465,000 years. Fault 
scarp debris slopes suggest that two episodes of faulting occurred 
about 100,000 BP and roughly one million BP. The youngest debris slope 
age agrees with the age obtained by interpretation of soils, and the 
older slope age also agrees roughly.
Fault 5
Fault 5 is located in T14N, R19E, S24, is 0.8 mile (1.3 km) in 
length, trends N75E and is downthrown to the south. This fault is be­
lieved to be a Basin and Range fault based on its association with Fault 
3 and the Genoa fault. It appears to be a branch of the Genoa fault and 
a southerly continuation of Fault 3. Fault 5 cuts early Pleistocene 
pediment deposits (Qp) and one Holocene alluvial fan (Qf). In Qp, 
debris slope measurements were difficult to obtain because the scarp 
is gullied and is situated on a steep hillside. Thus, the debris slope 
may be oversteepened. InQf, reliable readings were also hard to get 
because the fan has been eroded and is bouldery.
Fault 5 shows three distinct bevels, suggesting at least three 
episodes of faulting with offsets totaling 25 feet (7.5 m) and scarp 
heights totaling 36 feet (11 m). In Qp, debris slopes average 21 
degrees for Holocene faulting, 13 degrees for the second event and 12 
degrees for the oldest one. Maximum displacements are six feet (2 m) 
for the youngest event, nine feet (2.7 m) for the second one and 10 
feet (3 m) for the third. Scarp heights for each event are 11 feet 
(3.3 m) for the Holocene faulting, 15 feet (4.6 m) for the interme­
diate event and 10 feet (3 m) for the oldest. The Holocene alluvial 
fan is located near the western end of the scarp and has a debris
slope of 13 degrees with displacement of one foot (0.30 m) and scarp 
height of two feet (0.6 m). The fault scarp is wash-controlled and two 
sags appear in the profile.
As in debris slope measurements taken in other Holocene alluvial 
-ans, the slope angles of the fan cut by this fault do not agree with 
Holocene-aged debris slopes inferred by Wallace (1977), and indicate 
that a different debris slope curve is needed for unconsolidated and 
non-indurated depos its.
Based on ages of geologic units, Holocene faulting has taken place 
about every 10,000 years and Pleistocene faulting appears to have occ­
urred at least once every 450,000 years. In Qp, comparison of debris 
slopes to Wallace's (1977) curve suggest that faulting occurred 7500 BP, 
400,000—600,000 BP and 700,000-1 million BP. These ages roughly agree 
with those obtained by offsets in alluvium. This evidence indicates 
that Fault 5 was most active prior to the Holocene, and may have been 
most active from early to middle Pleistocene.
Fault 6
Fault 6 is located in T14N, R20E, S18, S17 and 38. The fault is 
1.4 miles (2.3 km) in length with the eastern block dcwnthrown. In 
trends N80E at the southernmost portion of the fault and N25E to the 
north. It appears to be an older en echelon trace of Fault 4 and may 
be closely associated to Fault 4A. Fault 6 has been partially obli­
terated by construction of Highway 395, sc the exact relation of the 
fault to faults 4 and 4A cannot be determined. The scarp has fcrmed 
in early Pleistocene pediment gravels (Qp). Holocene alluvial fans 
(Qf), containing soils that are about 2000 years old, have been
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deposited at the base of the fault but are not offset. Thus, no middle 
to late Holocene faulting has occurred. The scarp is gullied and debris 
slope measuring was difficult. Cold springs have developed along the 
scarp in sections 8 and 17.
Fault 6 has two or three debris slope bevels, suggesting two or 
three episodes of movement, totaling 19 feet (5.8 m), with scarp heights 
totaling 30 feet (9.1 m). The youngest event has a debris slope of 16 
degrees, the second event has a bevel of 14 degrees and the third is 
nine degrees. Associated displacements are 12 feet (3.6 m), four feet 
(1.2 m) and three feet (1 m) respectively. The fault scarp is wash- 
controlled.
Based on ages of geologic units, two or three episodes of faulting 
have occurred in about 998,000 years which gives recurrence estimates 
of 333,000-499,000 years. Debris slope readings suggest that movement 
took place 60,000-200,000 BP, 200,000-800,000 BP and possibly about 
one million BP. This indicates a recurrence interval of 130,000-500,000 
years for two events and 420,000-667,000 for three events. These esti­
mates agree with those obtained from the ages of geologic units.
Genoa Fault
The Genoa fault is a prominent range front normal fault with a 
continuous scarp that can be traced from Highway 50 west of Carson City 
southward to the Nevada state line (Moore, 1969). It appears to con­
tinue southwest into the south central Sierra Nevada but the location 
of the fault is uncertain. Several faults have been inferred south of 
the state line. One of these follows Willow Creek to Upper Elue Lake, 
another is a concealed fault that trends south to Woodford's (TllN,
R19E) and then bends westward, and a third continues south from Wood­
ford's towards Reynolds Peak (Koenig, 1963). Prom Highway 50 to the 
Nevada-California border the fault is 16 miles (26 km) in length. The 
inferred fault from the state line to Upper Blue Lake is 22 miles (35 
km); the trace from south of the state line to west of Woodford's is 13 
miles (21 km); and the trace from Woodford's to Reynolds Peak is about 
26 miles (42 km). Thus, the total length of the Genoa fault inferred 
from previous mapping is a minimum of 16 miles (26 km) and a maximum 
of 42 miles (67 km).
The fault dips 58-61 degrees to the east. From the Nevada state 
line north to Genoa the fault has a northward trend with a zigzag scarp. 
From Genoa the fault trends N20E in linear fashion for three miles (4.8 
km) and then, near Harvey's ranch (T14N, R19E, S27) , the fault bends to 
a strike of N15W and continues northward through Jacks Valley. The 
prominent scarp becomes difficult to follow in granitic rocks north of 
Jacks Valley, but has been traced at least as far as Highway 50 (T14N, 
R19E, 34) (Moore, 1969). In general, the fault developed at the base 
of the Carson Range, but occasionally the scarp is situated on the side 
of the range instead. North of Jacks Valley granitic rocks are exposed 
on both sides of the fault but in other areas granitics and metamor- 
phics are exposed on the mountain block with alluvium deposited at the 
base of the fault on the downthrown eastern block.
The Genoa fault has been previously studied by several people. 
Russell (1885) originally noticed the scarp and stated that the fault 
had "undergone a recent displacement of from ten to thirty feet, as is 
shown by fresh scarps in earth and gravel, and also by the outflow of 
heated waters an several localities". Lawson (1912) later studied the
68
69
fault and concluded that the vertical component of faulting was 44 feet 
with scarp height generally ranging from 30 to 40 feet. He measured 
the angle of repose (debris slope) as 36 degrees and stated that the 
presence of a marsh near Walleys Hot Springs, located one mile (1.6 km) 
south of Genoa, may have been caused by depression of the valley floor 
due to faulting. As to the age of the scarp, Lawson gave this account:
The scarps appeared to me to be so fresh and so 
little degraded that I considered it possible that the 
displacement which caused them might have occurred within 
the memory of man. To settle this point I hunted up the 
oldest inhabitant.... He told me that he first came to 
Carson Valley in 1854 and that the scarps were then in 
apparently the same condition as they are today.
A more recent study of the Genoa fault has been by Slemmons (1975). He 
has observed that the fault is of Holocene age and has been the first 
to recognize that the scarp was formed by more than one episode of 
movement. South of Genoa, he estimates that the entire fault has had 
about 34 feet of displacement with "about 20 percent of the displace­
ment" being right lateral. Most recently, Slemmons (1977) states that, 
south of Genoa, the total offset was "probably formed by five faulting 
events, averaging about 2.2 m each".
Both Lawson (1912) and Slemmons (1975) have noted the presence of 
a marsh near Walleys Hot Springs and the meander pattern of the Carson 
River near Genoa. As Slemmons (1975) points out:
The Carson River flows quite close to the foot of 
the Carson Range, through an extensive marsh, indicating 
that depression of the valley floor has been so recent 
that debris washed from the high mountains has not been 
able to fill the marsh...
Detailed mapping during this study strongly suggests that the Carson 
River has abandoned its youngest floodplain and cut a new channel west 
of the floodplain near Genoa. The new channel has been cut through
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Holocene alluvium that is older in age than the floodplain deposits.
During this thesis study the Genoa fault was examined from Highway 
50 south as far as Walleys Hot Springs. From the north end of Jacks 
Valley to Highway 50 the scarp is inferred through granitic terrain. 
North of Jacks Valley, a prominent block of granitics divides Jacks 
Valley from Clear Creek. The granitic block forms a conspicuous terrace 
on the aownthrown side of the fault. The granitics are strongly weath­
ered to grus to depths over 33 feet (10 m) and shear zones are scattered 
throughout these rocks. Where the Genoa fault trace becomes faint, as 
in Bennett Canyon, the fault is inferred based on the presence of shear 
zones that are exposed in the canyon and trend parallel to the canyon. 
Immediately north of Bennett Canyon, the fault scarp is clearly exposed 
but farther to the north it is masked by vegetation. Near Clear Creek 
it is defined by a wide shear zone in granitic rock along the old high­
way. North of Highway 50 the trace is uncertain. It appears to corre­
late to northeast-trending faults mapped by Trexler (1977), but this 
has not been verified in the field. In this area, the Carson Lineament 
is present but the Genoa fault does not appear to have been displaced 
by Carson Lineament faults.
The northern half of Jacks Valley consists of Holocene alluvial 
fans and colluvium of granitic sources, and of sheared granitic rock 
which has become grussy. The Holocene deposits are non-indurated and 
unconsolidated to weakly indurated. The deposits contain soils that 
are less than 4000 years old. These deposits have been displaced by 
Holocene activity along the Genoa fault:. Stream knickpomts show 
several different gradients, indicating that no single final gradient 
has yet been established after faulting. No Pleisuocene alluvium is
•exposed near the fault but on the east side of Jacks Valley middle to 
late Pleistocene alluvial fans are exposed. They dip eastward and 
undoubtedly were deposited as a result of faulting along the Genoa 
f&ult, in the same manner as the Holocene fans have been deposited.
All along the Genoa fault at least as far south as Walleys Hot Springs 
the alluvial deposits are of Holocene age. Of the other faults studied, 
those that show Holocene offset have older deposits exposed on the up- 
thrown block and Holocene deposits at the base of the fault. Along the 
Genoa fault, however, the oldest alluvial deposits exposed on the up- 
thrown block are Holocene as are the deposits at the base. Younger 
Holocene deposits should be forming at the base of the fault, but they 
may be too thin to identify in the field. Some drainages are beginning 
to deepen their channels by entrenching the offset fans, but these 
gullies are very shallow, only about 2-4 feet (0.6-1.3 m) deep, and 
along some streams no new distinct channels have developed. The abun­
dance of Holocene alluvium, the absence of a single established stream 
gradient, and the absence of newly formed stream channels on offset 
alluvial fans indicates that faulting was very recent and that the 
Carson Range still maintains an active depositional system being 
"controlled" by movement on the Genoa fault.
In Jacks Valley, at Ascuaga's ranch, the fault scarp shows three 
distinct bevels and possibly a fourth, indicating three to four move­
ments. Total offset is 19-37 feet (5.8-11.2 m) for three movements 
and 19-43 feet (5.8-13.1 m) for four. Debris slopes average 29 
degrees for the most recent event, 25 degrees for the next-youngest 
and 18 degrees for the oldest. The questionable fourth debris slope 
is 15 degrees. Offsets associated with each of these bevels are 6-14
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feet (2.0-4.3 m) for the youngest bevel, 8-13 feet (2.4-4.0 m) for the 
second bevel, 5-10 feet (1.5-4.0 m) for the third and six feet (2 m) 
for the fourth. Scarp heights are 11-16 feet (3.3-4.9 m) for the 
youngest slope, 8-18 feet (1.5-5.5 m) for the second, 5-15 feet (1.5- 
4.5 m) for the third and 17 feet (5.2 m) for the fourth. The scarp is 
debris-wash controlled and it is vegetated with a stand of Jeffrey 
pines. No free face is present on the scarp. Longitudinal profiles 
of streams crossing the fault show three to four changes in gradients, 
suggesting three to four faulting events.
Evidence indicates that near Ascuaga's ranch the Genoa fault has 
had three to four movements in the last 12,000 years, indicating a 
recurrence interval of 3000-4000 years. Based on soil development, at 
least two of the movements occurred in the last 4000 years, for a re­
currence of 2000 years. Comparison of debris slopes to Wallace's (1977) 
debris slope curve gives dates of faulting of 600 BP, 2500 BP, 20,000- 
70,000 BP and possibly 100,000-500,000 BP. This suggests a recurrence 
of 1550 years for the two most recent episodes of faulting, and 7700- 
24,360 for three events. The debris slope ages for the youngest events 
agree well with geologic interpretation but do not for the oldest events. 
This may be due to more rapid scarp erosion in the non-indurated 
alluvium.
The southern half of Jacks Valley, in the vicinity of Harvey's 
ranch, T14N, R19E, sections 22 and 27, consists of Holocene alluvial 
fan deposits that contain finer grained sediments than those to the 
north and are non-indurated to weakly indurated. They contain soils 
less than 4000 years old. These deposits have been offset by the ‘Genoa 
fault and the fault scarp is prominent. Drainages crossing the raulr
have not established new, definite channels on offset surfaces, indi­
cating that faulting occurred very recentlv.
One alluvial fan, located south of Harvey's ranch, was examined 
i_or scarp morphology. The fault scarp has two debris slope bevels, 
with offset totaling 25 feet (7.5 m). The youngest debris slope is 
37 degrees, the oldest is 34 degrees. Offsets are 18 feet (5.5 m) for 
the youngest event and 7 feet (2.1 m) for the oldest. Scarp heights 
are 20 feet (6 m) for the youngest event and 11 feet (3.4 m) for the 
oldest. The crestal zone is approximately 2 feet (0.6 m) in width.
The scarp is debris controlled and the wash slope is very steep, and 
thus, immature. No free face is present.
The number of debris slope bevels indicates that there have been 
two periods of fault movement in the past 4000 years for a recurrence 
interval of 2000 years. The ages of the debris slopes indicate that 
faulting took place 100 BP and 300 BP (Wallace, 1977) for recurrence 
of 200 years. Also, according to Wallace (1977), debris control of 
scarps is most important for up to 100 years after the scarp forms, 
and then it gradually becomes less important. Debris control suggests 
the Genoa scarp is within 1000 years old, and the absence of a free 
face suggests the fault is older than 100 BP.
South of Jacks Valley no Walleys Hot Springs Holocene alluvium 
has been deposited directly into Oarson Valley and has formed exten­
sive deposits of alluvial fans. All of these fan deposits have been 
offset by movement on the Genoa fault. South of Genoa the fault was 
examined at two borrow pits. The first pit is located 0.26 miles 
(0.42 km) south of Genoa, T13N, R19E, S10. The alluvial fan deposits 
are non-indurated granitic cobbiy fine sands with weakly developed
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soils (A-C horizons only), that are 4000 years old or less. The fault 
scarp is fresh and has not been gullied. No drainages have developed 
across the fault.
The fault has two debris slope bevels, indicating two fault move­
ments. For both periods of movement the offset totals 23-39 feet (7- 
13 m) and scarp is 19-44 feet (5.8-13.4 m). The debris slope formed 
during the youngest movement ranges from 33-38 degrees and averages 
34 degrees. The oldest debris slope ranges from 31-34 degrees and 
averages 32 degrees. Displacements associated with these events vary 
from 13-22 feet (4.0-6.7 m) for the youngest event and four feet (1.2 m) 
for the oldest. Scarp heights are 13-22 feet (4.0-6.7 m) for the young­
est scarp and six feet (2 m) for the oldest. The crestal zone is three 
feet (1 m) in width. The scarp is debris-controlled and the wash slope 
is steep, and therefore immature. No free face is present. The scarp 
is identical in freshness and appearance to the one near Harvey's ranch 
and both areas evidently underwent faulting at the same time.
Based on ages of geologic units, two periods of faulting have 
occurred within 4000 years for recurrence of 2000 years. Comparison 
of debris slopes to Wallace's (1977) debris slope curve suggests that 
faulting occurred 120 BP and 300 BP for recurrence of 210 years. The 
absence of the free face does not support the 120 BP estimate.
The second quarry is located near Walleys Hot Springs, about one 
mile (1.6 km) south of Genoa, T13N, R19E, S15. The Holocene alluvial 
fans, which have been offset, are weakly indurated to non-indurated 
cobbly fine sands derived from granitic rocks. Soils are weakly 
developed (A-C horizons only) and are less than 4000 years old. The 
fault scarp is not gullied and some drainages across the fault have
not established distinct channels on the offset surfaces at the foot of 
the scarp.
The scarp has two debris slope bevels that indicate two periods of 
movement. Displacements total 19-21 feet (5.3-5.4 m) for both events 
and scarp heights total 28-40 feet (8.5-12.1 m). For the most recent 
faulting, debris slopes range from 34-36 degrees and average 35 degrees. 
For the oldest event, debris slopes average 24 degrees. Displacement 
for the youngest event varies from 13-15 feet (4-4.5 m) and for the 
oldest event is six feet (2 m). Scarp heights are 11-15 feet (3.3-4.6 
m) for the youngest event and 12 feet (3.5 m) for the oldest. The'cres- 
tal zone is two feet (0.6 m) in width. The scarp is debris-controlled 
and very fresh in appearance but lacks a free face. The wash slope is 
steep and the absence of definite stream channels at the foot of the 
scarp suggest that movement was very recent.
The number of debris slopes present indicates that two periods of 
fault activity have occurred in 4000 years for recurrence of 2000 years. 
Wallace's (1977) curve suggests that movement took place 100 BP and 
2500 BP for recurrence of 1300 years. This estimate agrees with the 
geological interpretation.
This area shows other geomorphic evidence that suggests that two 
movements have occurred on this fault. Drainages on either side of 
the alluvial fan nearest Walleys Hot Springs show one distinct pair of 
stream terraces that have cut into the original fan. This pair of 
terraces formed at the valley base level which was established after 
the first episode of faulting. That is, they formed at the base or tne 
initial fault scarp (Fig. 5), or at the junction of the two debris 






Fig. 5. 1 = Youngest debris slope
2 = Oldest debris slope
oldest terrace was the original alluvial fan surface. This surface was 
stranded after initial faulting, after which streams cut into the fan 
and formed the younger set of terraces. These were then stranded after 
the most recent faulting. Slemmons (1975, 1977) contends that up to 
five sets of terraces are present, but the others are irregularities 
on the recognized terraces or knickpoints in the streams caused by 
weathering and deposition. Some of these knickpoints occur along 
joint planes and were caused by a block of rock being weathered out 
along joints which formed a flat surface. Other knickpoints have been 
formed by boulders becoming lodged in the stream with sediment back- 
filling behind them, thus forming a flat surface. Furthermore, several 
drainages were examined and it was found tnat there is no consistency 
uo the numbers of knickpoints present in each stream nor are they formed 
at the same elevations in each stream. Thus, the knickpoints have dev­
eloped from geologic processes other than faulting and cannot be used 
as evidence to determine the number of movements that have occurred on 
the Genoa fault.
Age of the Genoa fault
The following conclusions are drawn from investigation of the 
Genoa fault:
1. Relative to all other faults in the region, the Genoa fault 
is much younger in appearance. This may be, in part, due to the 
9rea-ter height of the Genoa scarp. However, the scarp is not gullied, 
streams crossing the fault have not established principal gradients, 
the fault scarp is up to 15 degrees steeper than any of the other 
scarps examined and the crestal zone is sharper and more well-defined
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than on other faults.
2. Photographs taken by Lawson (1912) showed the fault scarp to 
be extremely young in appearance. The crest was a sharp point defined 
by overhanging vegetation. So sharp was the crest that it formed a 
line that could be easily followed along the top of the scarp.
3. Wallace's (1977) method of scarp morphology is most accurate 
for late Holocene faults since it was devised from study of histori­
cally active faults. Therefore, the estimates of fault age based on 
scarp morphology are felt to be valid.
4. The Genoa fault has undergone much greater Holocene displace­
ments "than most other faults in the region. The average maximum 
Holocene total offsets for all other faults is 11.4 feet (3.5 m), but 
for the Genoa fault it is 33.6 feet (10.2 m). Also the average maxi­
mum displacement for a single event on other faults is 9.6 feet (2.9 m) 
but for the Genoa fault it is 20.6 feet (6.3 m).
The Genoa fault appears distinctly younger from Harvey's ranch to 
Wallevs Hot Springs than it does from Harvey's to Highway 50. All 
geomorphic features of the scarp are sharper and less eroded. Debris 
slope dates suggest that all displacement that formed the present scarp 
occurred within the last 2500 years and ages of soils suggest that all 
movement took place in the last 4000 years. North of Harvey's ranch 
at Ascuaga's ranch the fault is somewhat more eroded and trees are 
growing on the scarp. However, the scarp history is better preserved 
at Ascuaga’s ranch because older terraces are exposed and thus, more 
scarp bevels are present.
The debris slopes suggest that youngest faulting occurred in
79
middle or late Holocene, that there was a dormant period in early Holo­
cene and that previous faulting had occurred in late Pleistocene, pro­
bably in Wisconsin time (70,000—12,000 BP). This interpretation agrees 
well with the stratigraphy of the area. The offset Holocene alluvial 
fans that form the fresh scarp were deposited before the faulting began 
probably in early Holocene. The late Pleistocene alluvial fan deposits 
exposed in Jacks Valley, 0a]_ and Q&4, are indirect evidence that fault­
ing was taking place at that time. Debris slope estimates suggest that 
Pleistocene movement may have occurred between 20,000 BP and 500,000 BP
CONCLUSIONS
Use of fault scarp morphology
The usefulness of scarp morphology as a fault-dating tool has been 
assessed in this study. It is concluded that:
1. Use of debris slope bevels on fault scarps is a very accurate 
way to determine the number of movements that have occurred on a fault.
2. Wallace's (1977) debris slope curve is most accurate for allu­
vial deposits that are weakly to moderately indurated and contain 
weakly developed soils.
3. Alluvial deposits that are non-indurated and unconsolidated 
require a much more flat debris slope curve. Such a curve, modified 
from Wallace (1977), is shown in Fig. 6.
4. Clayey soils that have developed on scarps appear to preserve 
the scarps and prevent "normal" rates of degradation.
5. Scarp height may influence scarp degradation. Small scarps, 
measured in non-indurated alluvium, have flatter debris slopes than
Fig. 6. Following page. Debris slope curve for non-indurated and 
weakly indurated deposits. (+) denotes scarps with Pleis­
tocene soils covering debris slopes. Scarps with such soils 





higher scarps of the same age. This has also been observed by Bucknam 
and Anderson (1979).
6. Due to influences of soil development, induration of materials 
and erosive processes, scarp morphology is most difficult to apply to 
Pleistocene faults. In this study, some Pleistocene scarp ages agreed 
with geological interpretation. However, this may have been due to the 
degree of soil development on the scarp, which restricted degradation. 
For example, on Fault 4, which contains clayey soils on the scarp, 
scarp dates consistently suggest that movement was younger than it
was according to geological interpretation.
7. With all geological factors and modifications considered, 
scarp morphology should be most useful on the youngest Holocene faults, 
since they form initially vertical scarps and have not had time to 
erode. Thus, absolute ages of middle and late Holocene scarps may
be accurately determined by using scarp morphology.
8. Wallace (1977) noted that scarp degradation may be greatly 
influenced by freeze-thaw action. Such degradation would be a slow, 
continuous process. This may well be true since some stability is 
required to form soils on a scarp and all of the old scarps conrain 
distinct soils. It was also noticed that along trenches, when the 
ground had begun to thaw, debris continuously fell off of the trench 
walls onto the floor.
9. Holocene paleoclimate has not changed enough to cause flu­
ctuations in scarp degradation. During the years 10,300-8200 BP, the 
climate was cooler than today but much warmer than late Pleistocene 
climate. Precipitation was relatively low (Fairbridge, 1968). From 
8200-5300 3P, a dry period, the Altithermal, was reached. Temperatures
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were higher than today and arid conditions resulted in the Basin and 
Range. From 5300-2300 BP the Little Ice Age occurred, and since then 
temperatures have been gradually rising. Benson (1973) has interpreted 
western Nevada climate from fluctuations in levels of Lake Lahontan.
He concludes that Lahontan was at a very low stand from 9000-5000 BP, 
that Walker Lake dessicatea during this time and that Pyramid and 
Walker lakes began to increase in size after the Altithermai period 
ended. Thus, Holocene climate has not changed enough to influence 
scarp degradation.
History of faulting of the area
In the thesis area, most of the faults examined have had recurrent 
movement during Pleistocene time, and there was much activity during 
middle to late Holocene time (see Table III). The most recent fault- - 
ing occurred on or near the older faults.
This study has also shown that Holocene recurrence is 1300-3000 
years, and this agrees with recurrence estimates that have been summa­
rized by Douglas and Ryall (1975). The following conclusions are made 
regarding Quaternary fault activity in the northern half of the Genoa 
quadrangle:
1. There was scattered but repeated faulting throughout the 
Pleistocene on faults 2A, 3, 4, 4A, 5(?), 6 and Carson Lineament faults.
2. There was a period of dormancy during late Pleistocene to 
early Holocene on all faults except the northern Genoa fault and Fault
5 (?) .
3. There has been a swarm of faulting on Faults 1, 2, 2A, 2B, 4,
5 and the Genoa fault during the last 4000 years.
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TABLE III
MAXIMUM SLIP, RECURRENCE AND NUMBER OF EVENTS 
FOR FAULTS THAT HAVE MOVED IN MIDDLE TO LATE HOLOCENE*
Fault Total Net Slip Recurrence # Ev<
Fault 1 5 ft. (1.8 m) 3000 yrs. 2
Fault 2 28 ft. (8.4 m) 1300-2000 yrs. 3
Fault 2A 9 ft. (2.7 m) 2000 yrs. 1
Fault 2B 3 ft. (1 m) 2000 yrs. 1
Fault 4 3 ft. (1 m) 2000 yrs. 1
Genoa fault
Ascuaga1s ranch 43 ft. (13 m) 2000 yrs. 2
Harvey's ranch 21 ft. (6.4 m) 2000 yrs. 2
* Summarized from section'concerning detailed fault 
descriptions. Because conservative soil ages were 
used in this study, recurrence estimates listed 
here may be low by as much as 1000 years.
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Definition of active fault
Present and past definitions of active faults have been examined 
by Slemmons and McKinney (1977). They concluded that an active fault 
be defined as one that has moved during the present seismotectonic 
regime within a designated time interval. For this study, an active 
fault is defined as one that has undergone movement with the Holocene 
epoch. Because some soils in the area have formed in about 12,000 
years, this number is used to define an active fault.
The faults in the thesis area that are considered active are 
Fault 1, Fault 2, Fault 2A, Fault 2B, Fault 4, Fault 5 and the Genoa 
fault.
Design earthquake magnitudes
Design earthquake magnitudes are estimated for all active faults 
(Table IV). The estimations are based on Slemmons (1977) curves on 
the amount of surface displacement and the length of the rupture zone 
that develops during an earthquake. In this study, design magnitude 
estimates are for the maximum credible earthquake that may occur.
This is defined as the maximum earthquake that is capable of occuring 
under the present seismotectonic regime (Taylor and Cluff, 1978).
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TABLE IV
FAULT RICHTER MAGNITUDES - NORMAL SLIP CURVE
Surface Displacement Length of Rupture
Curve Zone Curve
Fault 1 6.8 5.4
Fault 2 7.5 6.3*
Fault 2A 7.2 -
Fault 2b 6.8 -
Fault 4 7.1 5.6**
Fault 5 7.3 5.5
Genoa fault
N- Jacks Valley 7.4 -
Genoa area 7.5 7.1 - 7.4
*
** Includes Fault 2, 2A and 2b Includes Fault 4 and 4A
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